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EVIDENCE SUMMARY

Background

Hyperbaric oxygen therapy (HBOT) involves the systemic administration of 100% oxygen while the
patient is inside a treatment chamber under pressures > 1 atmosphere absolute (ATA). Hyperbaric
oxygen was introduced as a medical treatment more than 200 years ago and has been advocated as a
treatment for a wide variety of conditions over the years. Despite a large body of published literature, it
remains unclear as to the indications for which HBOT is most effective and safe. Among the indications
for which questions still remain are diabetic nonhealing wounds, including foot ulcers; other nonhealing
wounds, including skin and tissue grafts, thermal burns, and surgical wounds; refractory osteomyelitis;
late radiation tissue injury (LRTI); brain injury; cerebral palsy; headache and migraine; multiple sclerosis;
and sensorineural hearing loss.

Foot wounds are one of the most common complications of diabetes and are responsible for substantial
morbidity. At any given time, lower extremity ulcers affect approximately 1 million diabetics. HBOT is
used along with traditional systemic and topical therapies to promote diabetic wound healing. It is
purported to reverse anaerobic infection, improve blood supply, and reduce ischemic nerve damage.

Chronic wounds other than those related to diabetes include venous and pressure sores, with causes
that are related to venous insufficiency, pressure, trauma, vascular disease, and immobilization.
Although the causes of chronic wounds vary, in all cases, at least one of the phases of wound healing is
compromised.

Surgical wounds present a medical problem if they are large in size, especially if bones and tendons are
exposed and therefore are not amenable to primary closure. By increasing the oxygen tension in hypoxic
wounds, HBOT is thought to restore the level of oxygenation required for compromised tissue to
function efficiently. HBOT is also proposed as a means of preparing a base for skin grafts and flaps or
preserving compromised grafts and flaps.

Thermal burns are the third largest cause of accidental death, with 300,000 serious burns and 6000
fatalities occurring annually in the United States. HBOT for thermal burns is directed at enhancing host
defenses, preserving marginally viable tissue, protecting the microvasculature, augmenting
neovascularization, and promoting wound closure.

Chronic osteomyelitis can develop when bacterial or fungal infection within bone deprives the bone of
its blood supply, and the resulting ischemia causes bone tissue necrosis. It has been hypothesized that
the additional oxygen delivered during HBOT may promote collagen synthesis and angiogenesis in
patients with hypoxic osteomyelitic wounds.

More than 1.4 million Americans are diagnosed with cancer each year, and approximately half of these
patients receive radiation therapy as part of their management. Radiation side effects can be
categorized as either acute or delayed (chronic) complications; the latter may develop months or years
after radiation treatment and collectively are known as late radiation tissue injury (LRTI) or late radiation
side effects. Although any tissue may be affected, late radiation tissue injury occurs most commonly in
the head and neck, chest wall, breast, and pelvis, reflecting the anatomical areas most commonly
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irradiated. Chronic radiation damage is called osteoradionecrosis (ORN) when bone is damaged and soft
tissue radionecrosis when muscle, skin, or internal organs have been damaged. Evidence continues to
emerge as to the effectiveness of HBOT for the treatment of LRTI, including ORN.

The use of HBOT for brain injuries is based on a theory that oxygen availability to these cells stimulates
the cells to function normally, reactivating them metabolically or electrically. Traumatic brain injury
(TBI), accounts for more than 1.3 million emergency room visits, approximately 275,000 hospitalizations,
and 52,000 deaths annually.

Cerebral palsy is a neuromuscular disorder that arises in children due to damage of the developing
brain. This disorder occurs in 0.1% to 0.5% of live births and is characterized by impairments of muscle
control, the senses, and perception. There is no known cure for cerebral palsy; the usefulness of HBOT
for the treatment of cerebral palsy relates to the possibility of restoring function in portions of the brain
that have suffered damage due to lack of oxygenation or other trauma.

More than 45 million individuals in the United States suffer from chronic, recurring headaches.
Approximately 90% of headaches are primary headaches, which do not arise from an underlying medical
condition. Cluster headaches are quite rare and occur in only 0.1% of the population. Migraine headache
affects more than 28 million individuals in the United States and more than 300 million individuals
worldwide. The theory is that HBOT might favorably influence vascular headache resistant to
conventional drug therapy.

Multiple sclerosis (MS) is a demyelinating disease of the central nervous system (CNS) that afflicts an
estimated 400,000 individuals in the United States and more than 2.5 million worldwide. The use of
HBOT as a treatment for MS was originally based on the demonstrated ability of HBOT to produce
vasoconstriction with increased oxygen delivery and some anecdotal evidence of efficacy. For several
years, there was a flurry of investigation into its effectiveness for the treatment of MS, which produced
a number of randomized studies in the UK, U.S., and Europe.

Sudden sensorineural hearing loss (SSHL), or sudden deafness, is a rapid loss of hearing with onset over
a period of less than 72 hours. The estimated incidence of SSHL ranges from 5 to 20 per 100,000 persons
per year but may be as high as 300 per 100,000 persons per year. HBOT has been proposed for the
treatment of SSHL, the rationale being that the hearing loss appears to be caused by a hypoxic event in
the cochlear apparatus; therefore, HBOT may potentially reverse the oxygen deficit, increase oxygen
pressures in the cochlea, and improve microcirculation. Proving the effectiveness of HBOT for SSHL is
complicated given the fact that up to two thirds of SSHL cases resolve spontaneously (Mattox and
Simmons, 1977).

Technology Description

HBOT involves the therapeutic administration of 100% oxygen at environmental pressures > 1 ATA, the
atmospheric pressure at sea level. Administering oxygen at pressures greater than 1 ATA requires
compression. This is achieved by placing the patient in an airtight chamber. The pressure is increased
inside the chamber, and 100% oxygen is given for respiration, which delivers a greatly increased
pressure of oxygen to the lungs, blood, and tissues.
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There are 2 types of chambers used for administering HBOT: a monoplace chamber for a single patient;
or a multiplace chamber used for multiple patients and medical personnel. No standard protocol has
been identified for administering HBOT.

Key Questions

1. Is HBOT effective in improving patient-centered outcomes for individuals with the following
conditions:
e Diabetic nonhealing wounds, including foot ulcers
e Other nonhealing wounds, including skin and tissue grafts, thermal burns, and surgical wounds
e Refractory osteomyelitis
e Late radiation tissue injury (LRTI)
e Brain injury (including TBI and other brain injuries but excluding stroke)
e Cerebral palsy
e Headache/migraine
e  Multiple Sclerosis (MS)
e Sensorineural hearing loss

1a. What is the optimal frequency, dose, and duration of HBOT treatment?

2. What harms are associated with HBOT?

3. What is the differential effectiveness and safety of HBOT according to factors such as age, sex, race
or ethnicity, disability, comorbidities, wound or injury duration and severity, and treatment setting?

4. What are the cost implications of HBOT, including the cost-effectiveness compared with alternative
treatments?

Methods
Search Strategy and Selection of Evidence

A detailed analysis of all relevant primary data for each indication under investigation was beyond the
scope of this review. Consequently, we conducted a systematic search for systematic reviews and health
technology assessments (HTAs) to answer each key question. In addition, we systematically searched for
primary data published subsequent to the selected systematic reviews for each indication, as well as a
search for all harms studies published over the last 10 years. All included systematic reviews were
manually searched for additional relevant studies meeting the inclusion criteria. The databases searched
included MEDLINE, the Cochrane Library, the York University Center for Reviews and Dissemination
(CRD), and Embase. The results were limited to human studies in the English language published
between 2002 and June 2012. An update search for randomized controlled trials (RCTs) and meta-
analyses was conducted in November 2012.

Search Strategy and Selection of Guidelines/HBOT Coverage Policies

In addition to guidelines found through the database and manual searches outlined above, we also
searched the National Guidelines Clearinghouse, and, at the direction of Washington State Health Care
Authority (HCA), we searched the Centers for Medicare & Medicaid Services (CMS), Aetna, Regence Blue
Cross Blue Shield (BCBS), and Group Health Cooperative websites for coverage-policies relevant to this
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report. In addition, we searched the Hayes Knowledge Center for relevant reports, which were used as
background to identify primary data studies not included in the selected published systematic reviews
and as a source of harms data.

Quality Assessment

We conducted quality assessments throughout the process. We rated the quality of each systematic
review using the Assessment of Multiple Systematic Reviews (AMSTAR) tool (Shea et al., 2007). We
employed Hayes quality methods for assessing the quality of primary studies and bodies of evidence
(see Appendix Il). Internally developed Quality Checklists for individual studies address study design,
integrity of execution, completeness of reporting, and the appropriateness of the data analysis
approach. Individual studies are labeled as good, fair, poor, or very poor. The Evidence-Grading Guides
assure that assessment of bodies of evidence takes into account not only methodological quality in
individual studies, but also the applicability of bodies of evidence to the population(s), intervention(s),
and health outcome(s) of interest; the consistency and precision of results across studies; and the
guantity of data (humber of studies and sample sizes). The quality of the bodies of evidence for
particular outcomes is labeled as high, moderate, low, or very low.

The Appraisal of Guidelines Research and Evaluation (AGREE) (AGREE Enterprise, 2012) tool was used to
assess the quality of practice guidelines.

Search Results

We found 21 systematic reviews meeting predefined inclusion criteria. Also included are 4 harms-
specific primary data studies; and 6 primary data studies covering a range of indications of interest and
identified through a search for studies published subsequent to the included systematic reviews. In all,
the report includes findings from 156 primary data studies. Several reviews were cross-cutting in nature,
covering more than one indication or Key Question.
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Findings, Key Question #1: Is HBOT effective in improving patient-centered outcomes for
individuals with the following conditions:

e Diabetic nonhealing wounds, including foot ulcers

e Other nonhealing wounds, including skin and tissue grafts, thermal burns, and surgical
wounds

e Refractory osteomyelitis

e Late radiation tissue injury

e Brain injury

o Cerebral palsy

e Headache/migraine

e Multiple sclerosis

e Sensorineural hearing loss

Sixteen systematic reviews (133 primary data studies) plus an additional 5 primary data studies,
published subsequent to the chosen reviews, were selected to answer KQ1, bringing the total number of
included primary data studies to 138 (7225 participants). Of the included studies, 61 were RCTs, 4 were
nonrandomized controlled trials, 8 were pre-post studies (7 uncontrolled, 1 with historical controls), and
64 were other observational studies, including prospective and retrospective cohorts as well as case
series. Please note that the subheading for each indication links to a more detailed discussion in the
Literature Review and that clicking on the corresponding heading in the Literature Review will bring the
reader back to the Evidence Summary.

HBOT for Diabetic Nonhealing Wounds, Including Foot Ulcers

Three systematic reviews (1437 participants), including 16 peer-reviewed studies (8 RCTs, 2
nonrandomized controlled trials, and 6 observational studies), reported on the effectiveness of HBOT for
the treatment of diabetic nonhealing wounds. All of the studies involved diabetic foot ulcer patients and
the outcomes evaluated included incidence of healing, wound size reduction, amputation rates, and
quality of life (QOL).

Incidence of healing: Moderate-quality evidence from 12 studies (1 good, 4 fair, 5 poor, 2 very poor
quality) suggests that the addition of HBOT to standard wound treatment substantially improves healing
among patients with nonhealing diabetic foot ulcers. The strongest evidence comes from a good-quality
2012 Cochrane Review, which pooled data from 3 trials (140 participants) and found a strong effect on
healing at 6 weeks (relative risk [RR], 9.53; 95% confidence interval [Cl], 0.44-207.76; number needed to
treat [NNT], 8). Findings from 2 studies (1 god quality, 1 fair quality) provide further moderate quality
evidence that the healing effect remains significant at one-year follow-up.

Amputation rates: Seven studies (1 good, 3 fair, and 3 poor quality) provide moderate-quality evidence
that the addition of HBOT to standard wound treatment reduces the risk of amputation. The 2012
Cochrane Review pooled data from 5 trials (309 participants) and showed a trend toward a benefit from
HBOT in the rate of major amputations, but no statistically significant difference between the groups
(RR, 0.36; 95% Cl, 0.11-1.18). One of the 5 included studies excluded participants at high risk for major
amputations, and when this study was excluded from the analysis, the benefit of HBOT became
significant (P=0.009). HBOT provided no additional benefit in the rate of minor amputations.
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Observational data from other reviews found HBOT to be an effective adjunct treatment for the
reduction of amputations among diabetic patients with nonhealing wounds.

Wound size reduction and QOL: Evidence for the effectiveness of HBOT for wound size reduction and
QOL is of very low and low quality, respectively. A 2012 Cochrane Review found just one fair-quality
RCT,(n=28) which reported a 41.8% reduction in wound size at 2 weeks posttreatment among the HBOT
group compared with 21.7% in the control group (P=0.04), the effect of which was no longer significant
at 4 weeks. Similarly, 1 good-quality RCT (n=94) found no significant difference in overall physical
summary scores between the HBOT and control groups at 1-year follow-up (mean difference [MD], —0.2;
95% Cl, —8.58 to 8.18), and no significant difference in overall mental health summary scores (MD, 6.60;
95% Cl,—3.93 to 17.13).

Quality assessment and summary: Moderate-quality evidence from 3 systematic reviews (1437
participants), including 16 peer-reviewed studies reporting on the effectiveness of HBOT for the
treatment of diabetic foot ulcers, suggests that the addition of HBOT to standard wound care promotes
wound healing and limb salvage in the short term. The results are clinically meaningful, with pooled data
from 3 studies suggesting that 8 patients would need to be treated with HBOT as an adjunct to standard

wound care for an additional 1 person to have complete wound healing. In addition, the findings from
two studies (1 good quality, 1 fair quality) provide moderate quality evidence that the effectiveness of
HBOT to heal remains significant at one-year follow-up. Incidence of healing and wound size reduction
are clinically synonymous but are often measured as separate research outcomes. There was insufficient
evidence to determine the effectiveness of HBOT to reduce wound size but given that the evidence
supports HBOT for improved incidence of healing, it is reasonable to assume that further study into the
effectiveness of HBOT to reduce wound size would find similar benefits. There is low-quality evidence
suggesting no benefit from HBOT on QOL measures.

Summary of findings by outcome for HBOT as a treatment for diabetic nonhealing wounds

Studies Direction of Quality of
Outcome | (#, Quality, Summary of Findings Clinical Detail . A
3 Findings Evidence
Size)
Incidence of |12 studies |3 pooled RCTs (n=140) F/u: 6 wksto3yrs |Benefitat 6 wks, |Moderate
healing (1good,4 |e At6wks, RR=5.2 (Cl, 1.25-21.66); NNT=8; Dose: 2.0-3.0 ATA, and 1yr
fair, 5 poor, |  absolute risk difference 12.2% 45-120 min
2 very poor)e At 12 mos, RR=9.53 (Cl, 0.44-207.76) (NS)  |# HBOT sessions: 20-
(n=582) (1°=85%); 60 given once or
o At 7-wk f/u, HBOT grp 80%, control 20% twice da||y S5or6
(P<0.05) times per week in
e At 3-yr f/u, HBOT 76%, non-HBOT 48% (NS) |most cases
12 mos individual study results
e 52% complete healing in the HBOT grp vs
29% in control grp (P=0.03) (good RCT)
e 5/8 HBOT grp pts completely healed vs 0/8
controls (P=0.026) (fair RCT)
Amputation |7 studies (1 |5 pooled RCTs (n=309) F/u: Dischargeto 3  |Benefit Moderate
rates good, 3 fair,|e At final f/u (discharge at 92 wks): RR=0.36 yrs
3 poor) (Cl,0.11-1.18) (1’=50%) (NS); this trend Dose: 2.2-3.0 ATA,
(n=462) became significant (P=0.009) when 1 study, |90 min
which excluded pts at high risk of # HBOT sessions: 4-
amputation, was excluded from the analysis |60 given once or
2 fair-quality observational studies (n=153) twice daily 5or 6
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SN Direction of Quality of
Outcome | (#, Quality, Summary of Findings Clinical Detail . .
: Findings Evidence
Size)
e At 3-yrs f/u, fewer major amputations among |times per week in
patients receiving HBOT vs controls 14% vs  |[most cases
31%; P=0.012 (n=115); and 12% vs 33%; P=NS
(n=38)
Quality of |1 good e Overall physical summary scores: MD —0.2 F/u: 1yr No benefit Low due to
life (n=94) (Cl, —8.58 to 8.18) Dose:2.5 ATA, 85 insufficient
e Overall mental health summary scores: MD  |min evidence
6.60 (Cl,—3.93 to 17.13) # HBOT sessions:40
(daily)
Wound size |1 fair o 41.8% vs 21.7% at 2 wks (P=0.04); at 4 wks  |F/u: 4 wks Benefit at 2 wks, [Very low
reduction  |(n=28) MD 6.4%; (Cl, —=15.3 to 28.1) (NS) Dose: 2.5 ATA, 90 NS at 4 wks due to
min insufficient
# HBOT sessions: 20 evidence
over 6 weeks

Key: ATA, atmosphere absolute; Cl, confidence interval 95%; f/u, follow-up; grp, group; HBOT, hyperbaric oxygen therapy; MD,
mean difference; NNT, number needed to treat; NS, not statistically significant; RCT, randomized controlled trial; RR, relative
risk

HBOT for Other Nonhealing Wounds, Including Skin and Tissue Grafts, Thermal Burns, and Surgical
Wounds

Five systematic reviews (776 participants), including 16 peer-reviewed studies (7 RCTs, and 9
observational studies) reported on the effectiveness of HBOT for the treatment of nondiabetic
nonhealing wounds. Wounds included arterial, pressure, and venous ulcers; flaps and grafts; crush
injuries; surgical reconstruction (without grafts or flaps); and thermal burns. The outcomes evaluated
include incidence of healing, time to healing, reduction in wound size, amputation rates, survival of flap
or graft, length of hospital stay, mortality, and number of surgeries.

Incidence of healing or reduction in wound size among patients with venous, arterial, or pressure ulcers:
Low-quality evidence from 3 studies (2 fair and 1 very poor quality), including 81 patients, reported on
the incidence of healing or wound size reduction among patients with ulcers. One small, fair-quality RCT
(n=16) found a significant reduction in venous wound area among patients receiving HBOT versus
controls at 6 weeks follow-up (MD, 33%; 95% Cl, 18.97-47.03) but no difference at 18 weeks and found
no significant difference between groups in the proportion of ulcers completely healed at any time. A
small, very-poor-quality case series of 35 patients with leg ulcers reported 80% compete wound healing
following HBOT. The update search uncovered a very recent small RCT of fair quality, including 30
patients with a variety of ulcer types randomized to HBOT plus conventional treatment or conventional
treatment alone. Following 30 days of treatment, there was a 59% reduction in wound area in the HBOT
group compared with a 26% increase in wound area in the control group.

Incidence of healing, time to healing and amputation rates among patients with crush injuries: Very-low-
quality evidence from 1 fair-quality RCT of 36 patients with crush injuries found significantly more
complete healing among the HBOT group (94%) compared with controls (56%) (RR, 1.7; 95% CI, 1.11-
2.61; NNT, 3), but no significant difference between groups with regard to mean time to healing,
number of amputations, and mean length of hospital stay.
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Incidence of healing among patients having undergone surgical reconstruction (without grafts or flaps):
Low-quality evidence from 2 poor-quality prospective cohort studies (84 patients) suggests that HBOT
may improve healing and reduce infection among patients having undergone surgical reconstruction
(without grafts or flaps). One study reported 89% improved healing in the HBOT group versus 73%
among controls (P<0.05); the other reported breakdown and infection in 1 patient receiving HBOT (17%)
versus 7 patients (78%) not receiving HBOT (P<0.01).

Graft and flap survival/take and healing: Low-quality evidence from 7 studies (1 of unknown quality due
to poor reporting, 2 of poor quality, and 4 of very-poor quality) suggest that HBOT may be beneficial for
the treatment of compromised skin grafts or flaps, but the results were not consistent. A 2010 Cochrane
Review included 2 poor-quality RCTs, which examined the effectiveness of HBOT for improving graft or
flap survival among patients with acute surgical and traumatic wounds. One looked at HBOT versus
usual care for split skin grafts (n=48) and found significantly better graft survival among the HBOT group
(64%) compared with the usual care group (17%) (RR, 3.5; 95% Cl, 1.35-9.11; NNT, 2). The other found
that HBOT was no better than dexamethasone for complete flap survival (89% versus 78%, respectively),
and no better than local heparin for complete flap survival (89% versus 73%, respectively). A 2009
systematic review included 3 very-poor-quality case series (47 patients) evaluating graft take among
patients having undergone HBOT before and /or after skin grafting and 1 very-poor-quality case series of
15 patients having received HBOT as an adjunct treatment for compromised flaps. One reported 50%
complete graft take at 18-month follow-up, 2 reported 100% graft take, and 1 reported complete flap
healing. In addition, a 2003 systematic review included an unpublished, unknown-quality RCT (160
patients), which reported more delayed wound healing among controls compared with those receiving
HBOT (P=0.001).

Mortality, mean time to healing, graft take, number of required surgeries, and length of hospital stay
among patients with thermal burns: Very-low-quality evidence from 2 fair-quality RCTs reported mixed
results on the effectiveness of HBOT among 141 patients with thermal burns. After adjusting for the
patients’ condition, one trial found no significant differences in length of hospital stay, mortality (11% in
each group), or number of surgeries between the HBOT and control groups. The other trial reported
significantly better time to healing among the HBOT group (19.7 days) compared with the control group
(43.8 days) (P<0.001).

Incidence of wound recovery and healing among patients with acute traumatic peripheral ischemia:
Very-low-quality evidence from one systematic review reported one case series, which found improved
wound recovery and complete healing among a series of 23 patients who received HBOT as an adjunct
therapy.

Quality assessment and summary: Overall, there is limited low-quality evidence from 12 peer-reviewed
studies, suggesting that HBOT may improve healing when employed as an adjunct treatment for venous
ulcers, flaps and grafts, and surgical reconstruction (without grafts or flaps). We currently have low
confidence in the reported estimate of effects for these conditions and the reported benefits should be
interpreted with caution. In addition, there is insufficient evidence from 1 study to determine the
effectiveness of HBOT for crush injuries, insufficient evidence (primarily due to mixed results) from 2
studies to determine if HBOT is effective for the treatment of thermal burns, and insufficient evidence
from 1 study to determine the effectiveness of HBOT for the treatment of acute traumatic peripheral
ischemia.

Hyperbaric Oxygen Therapy — Final Report Page 9



Health Technology Assessment

February 15, 2013

Summary of findings by outcome for HBOT as a treatment for other (nondiabetic) nonhealing wounds

SIELES Direction of| Quality of
Wound Type | (#, Q'uallty, Summary of Findings Clinical Detail Findings Evidence
Size)
Venous, 2 fair, 1 very |Chronic nonhealing wounds: 59% vs 26% F/u: 30 days to 18 wks  |Short-term |Low due to
arterial, and poor (n=81) r;eduction in wound area at 30 days; P=0.001|pgge:2-2.5 ATA, 90 min benefit ins:fficient
| ir RCT i
pressure ulcers (fair ) # HBOT sessions: 20-30 evidence
Venous wounds: Wound area reduction at 6
wks 35.7% vs 2.7% in favor of HBOT (MD
33%; 95% Cl, 19-47); wound area reduction
at 18 wks 55.8% vs 29.6% (MD 29.6%; Cl, —
23 to 82) (NS); no difference in complete
healing at any time (fair RCT)
Leg ulcers: 80% complete wound healing
(case series)
Compromised |1 unknown, |Graft survival: 64% HBOT vs 17% usual care |Time frame and f/u: Benefitvs [Low due to
grafts and flaps |2 poor, 4 at 7 days” (RR=3.5; Cl,1.4-9.1; NNT=2) (poor Immediately pre- and/or |no high or
very poor  |RCT); 4 case series reported 50%-100% graft [post-surgery treatment |unknown risk
(n=425) or flap take following HBOT Dose: 2 ATA, 120 min of bias
Graft wound healing: HBOT 11% delayed  |(Where reported)
healing vs 55% in controls (P=0.001) (RCT  |# HBOT sessions: 6-20
unknown quality due to poor reporting)
Flap survival: HBOT was no better than
dexamethasone or heparin at 7 days (89%
vs 78% and 89% vs 73%, respectively) (poor
RCT)
Surgical 2 poor Improved healing: 89% vs 73% in favor of  [F/u: NR Benefit Low due to
reconstruction |(n=84) HBOT (P<0.05) (poor cohort) Dose: 2 ATA, 90 min ins.ufficient
(w/o grafts or (where reported) evidence
flaps i : 9
aps) Infection and breakdown: HBOT 17%, # HBOT sessions: 20
control 78% (P<0.01) (poor cohort) -
Time frame:
Postoperative
administration
Crush injuries |1 fair (n=36) |Complete healing: 94% vs 56% in favor of Dose: 2.5 ATA, 90 min Benefit for |Very low due
HBOT (RR=1.7; 95% Cl, 1.11-2.61; NNT=3)  |over 6 days; poor healing to
(fair RCT) reporting on other insufficient
Mean time to healing, amputation rate, and |details evidence
hospital stay: NS difference between grps
Thermal burns |2 fair 1 trial found no differences in length of F/u: NR Mixed Very low due
(n=141) hospital stay, mortality (11% in each grp), or |pgse: 2 ATA, 90 min to
# surgeries in HBOT compared w/ control . inconsistency
. L # HBOT sessions: From
grps. 1 trial reported significantly better 10 to heali
time to healing in HBOT grp (19.7 days) 0 healing
compared w/ control grp (43.8 days) Time frame: Admitted
(P<0.001). w/in 24 hrs of injury
Acute 1 very poor |Improved wound recovery and complete Poor reporting Benefit Very low due
traumatic (n=23) healing following HBOT (no control and no to
peripheral details provided) insufficient
ischemia evidence
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Key: ATA, atmosphere absolute; Cl, confidence interval 95%; f/u, follow-up; grp(s), group(s); HBOT, hyperbaric oxygen therapy;
MD, mean difference; NNT, number needed to treat; NR, not reported; NS not statistically significant; RCT, randomized
controlled trial; RR, relative risk; “ Usual care consisted of a closed dressing following surgery

HBOT for Refractory Osteomyelitis

Three systematic reviews (all of fair quality) (510 participants), including 23 peer-reviewed studies (0
RCTs, 2 nonrandomized controlled trials, and 21 case series), reported on the effectiveness of HBOT for
the treatment of refractory osteomyelitis. The outcomes evaluated included resolution/cure,
recurrence, and hospital stay.

Many very-poor-quality case series have been published over the years, all suggesting adjunctive HBOT
as an effective cure for osteomyelitis. The median cure rate (the definition of which varied from
“eradication of osteomyelitis” to “resolution of drainage” and “free of clinical signs of the disease”)
among 21 included case series (450 participants) was 87% (range, 37% to 100%), and the mean data
from 5 very-poor-quality case series suggest a 5.4% relapse rate among 74 patients. One fair-quality
nonrandomized controlled trial included in a 2012 systematic review supports these findings and
represents the best-quality available evidence on the effectiveness of HBOT for osteomyelitis. That
study reported significantly lower infection relapse rates among the HBOT group versus controls (0%
versus 33.3%, respectively; P=0.024), and significantly fewer days in the hospital (52.6 days in the HBOT
group [SD, 9.1] versus 73.6 days [SD, 24.5] among controls; P=0.026). In contrast, however, a poor-
quality nonrandomized controlled trial (28 participants) reported by all three systematic reviews found
no benefit from HBOT as an adjunct treatment to surgery and antibiotics for curing refractory
osteomyelitis (P=0.28) and no difference in relapse rates between groups (P=0.54).

Summary and guality assessment: Low-quality evidence from 23 primary data studies (1 fair quality, 1
poor quality, 21 very poor quality) suggests that HBOT may be effective as an adjunct treatment for
refractory osteomyelitis but we have low confidence in the reported estimate of effects. There is some
evidence from one small, fair-quality, nonrandomized trial that HBOT may reduce the rates of relapse
infection. Further good-quality studies are necessary to determine the effectiveness of HBOT for the
treatment of refractory osteomyelitis.
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Summary of findings by outcome for HBOT as a treatment for osteomyelitis

Studies Direction of Quality of
Outcome (#, Quality, Summary of Findings Clinical Detail . 4 .
: Findings Evidence
Size)
Resolution/cure |1 poor, 21 very|e 87% in favor of HBOT as an Definition: Broadly as 6- |Benefit Low due to
poor (n=478) adjunct to standard care (range |months of infection high risk of bias
37%-100%) (21 case series; coupled with failed
n=450) response to antibiotics
e 79% (110of 14) in HBOT grp, 93% |and/or surgical
(13 of 14) in control grp (NS) intervention.
(poor nonrandomized CT) F/u: 3-84 mos
Dose: Poorly reported
# HBOT sessions: 17-50

Infection relapse |1 fair, 1 poor | e 0% vs 33.3%, in favor of HBOT  |F/u: 41 mos Mixed but Low due to
rate (n=60) (P=0.024) (fair nonrandomized |pgge: 2-3 ATA, 90-120 |more high risk of bias

CT; n=32) min confidence in |and insufficient

o 14%(2 Of, 14) in HBOT grp vs 7% # HBOT sessions: Poorly the study . evidence

(1 of 14) in control group (NS) reported demonstrating

(poor nonrandomized CT; n=28) a benefit
#daysin the 1fair (n=32) | e 52.6days (SD, 9.1) vs 73.6 days |Dose: 2-3 ATA, 90 min  |Benefit Very low due
hospital (SD, 24.5) in favor of HBOT # HBOT sessions: NR to insufficient

(P=0.026) (nonrandomized CT) evidence

Key: ATA, atmosphere absolute; CT, controlled trial; f/u, follow-up; grp, group; HBOT, hyperbaric oxygen therapy; MD, mean
difference; NR, not reported; NS not significant; SD, standard deviation

HBOT for Late Radiation Tissue Injury

Four systematic reviews (1628 participants), including 34 peer-reviewed studies (12 RCTs, 3 prospective
cohorts, 6 retrospective cohorts, and 13 case series) plus 1 fair-quality RCT (36 participants) published
subsequent to the systematic reviews, reported on the effectiveness of HBOT for the treatment of LRTI,
including osteoradionecrosis (ORN) and soft tissue radionecrosis. A wide variety of outcomes were
evaluated, including complete resolution or improvement of tissue damage or necrosis; prevention of
ORN; late sequelae (LENT-SOMA scores); QOL; complete mucosal cover for ORN; establishment of bony
continuity; healing of tooth sockets; loss of dental implants; and wound dehiscence.

Complete resolution or improvement of tissue damage or necrosis: Moderate-quality evidence from 18
studies (2 good, 2 fair, 1 unclear, and 13 very-poor-quality) suggests that HBOT significantly improves
tissue damage and necrosis resulting from LRTI. A 2012 Cochrane Review reported pooled data from 4
RCTS, which looked at the complete resolution of tissue damage or necrosis at or before 3 months
follow-up across all anatomical areas studied (325 participants). Overall, 36% of participants in the HBOT
group and 28% in the control group achieved complete resolution. There was, however, significant
heterogeneity between the trials (1>=82%) and no overall estimate of effect was provided. Individually, 2
trials reported a benefit from HBOT (1 significant and the other a nonsignificant improvement), and 2
found no additional benefit from HBOT over the controls. When complete resolution was combined with
significant improvement of tissue damage or necrosis, there was a significant benefit to HBOT among
patients with radiation proctitis (RR, 1.72; 95% ClI, 1.0-2.9). A fair-quality RCT, published subsequent to
the included systematic reviews, found that HBOT and intravesical hyaluronic acid both aided recovery
among patients with radiation-induced hemorrhagic cystitis, reporting 75% complete recovery (defined
as no symptoms) in the HBOT group at 6 months, 50% at 12 months, and 45% at 18 months. Finally, a
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2003 systematic review of observational data reported 50% to 100% improvement in complete or partial
healing of soft tissue radionecrosis among 168 patients treated with HBOT across 13 very poor-quality
case series.

Prevention of ORN following tooth extraction in an irradiated field: Moderate-quality evidence from 9
studies (1 fair, 1 unclear, and 7 poor quality) suggests that HBOT is effective in the prevention of ORN.
One RCT reported a 5.4% incidence rate for the development of ORN following HBOT versus 29.9%
among controls (RR, 0.18; P=0.005). The data were from an RCT of unclear quality, which looked at the
effectiveness of HBOT to prevent ORN among patients who had been exposed to radiation of the head
and neck and needed a hemimandibulectomy. In addition, 2 systematic reviews (including observational
studies) reported an overall incidence rate of 7% for ORN among post-radiated head and neck cancer
patients versus 4% among patients having received HBOT.

Complete mucosal cover and establishment of bony continuity: Moderate-quality evidence from 3
pooled studies (246 participants) (1 fair and 2 unclear quality due to poor reporting) reported significant
benefit from HBOT in terms of achieving complete mucosal cover among patients with ORN (RR, 1.3;
95% Cl, 1.1-1.6) and significant benefit from HBOT in terms of establishing bony continuity (RR, 1.5; 95%
Cl, 1.1-1.8).

Quality of life: Moderate-quality evidence from 5 studies (287 participants) (2 good and 3 fair quality)
suggests that HBOT improves QOL among patients with LRTI induced by head and neck and bowel
cancer but not among patients with axillary-related tissue injury. A significant benefit of HBOT was
found for improvement in bowel bother subscale among patients with radiation proctitis (pre-post mean
improvement, 14.1% in the HBOT group (P=0.0007) versus 5.8% in the control group (P=0.15), global
QOL score among patients with dental implants in irradiated regions (MD, 17.6 points; 95% Cl, 2.8-32.2),
and 12-month QOL functional outcomes among patients with radiation-related damage following head
and neck cancers. No significant benefit of HBOT was seen for general health at 12 months (weighted
MD, -2.3; 95% Cl, —19 to —14.4), physical functioning at 12-months (weighted MD, —4.0; 95% Cl, —19.4 to
11.4) or lymphedema-specific functioning (P=NS) among patients with axillary-related tissue injury.

Improvement in late effects of radiation (LENT-SOMA scores): Low-quality evidence from 1 good-quality
study (150 participants) found a significantly greater improvement in LENT-SOMA scores (an indication
of improvement in late effects of radiation) in the HBOT group (MD, 2.4; P=0.002) at completion of
treatment.

Loss of dental implants: Very-low-quality evidence from 1 fair-quality trial found that the risk of losing
an implanted tooth following implant into an irradiated mandible was 2.5 times greater in the HBOT
group versus controls, but this was not statistically significantly (RR, 2.5; P=0.22).

Wound dehiscence in head and neck tissues: Low-quality evidence from pooled data from 2 RCTS (368
participants, with unclear risk of bias due to poor reporting) found a significant benefit to HBOT in terms
of reducing post-surgical wound dehiscence among patients previously exposed to radiation in the
surgical area (RR, 4.2; 95% Cl, 1.1-16.8).

Quality assessment and summary: There is moderate-quality evidence from 35 primary data studies
suggesting that HBOT improves outcomes of LRTI affecting bone and soft tissues. There is no overall
estimate of effect because of the heterogeneity between studies, but the evidence suggests that
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radiation-induced tissue and bone damage to the head and neck, anus, and rectum show consistent
clinical improvement with HBOT.

There is also moderate-quality evidence that HBOT reduces the risk of developing ORN following tooth

extraction in a previously irradiated area.

Summary of findings by outcome for HBOT as a treatment for LRTI

Studies Direction of | Quality of
Outcome (#, Quality, Summary of Findings Clinical Detail .. .
: Findings Evidence
Size)
Complete 18 (2 good, 2 |36% vs 28% in favor of HBOT; pooled |F/u: <3 mos Benefit Moderate
resolution or fair, 1 unclear, |data from 4 trials (2 good, 1 fair, 1 Dose: 2.0-2.4 ATA. 90-100
improvement of |13 very poor) |unclear; n=325) (I2=82%; no estimate m ’
tissue damage or |(n=529) of effect provided) .
necrosis ¢ Hemimandibulectomy: RR=1.4 (Cl, # HBOT sessions: 30-40
1.1-1.8) in favor of HBOT; NNT=5;  |Time frame from
absolute event rates 48 vs 34 radiation tx to HBOT: NR;
e Proctitis complete resolution 2 studies specified the
RR=9.7 (Cll 0.6-170.1) (NS), presence of radiation
combined complete resolution w/ |damage for 23 mos
significant improvement RR=1.7 (Cl, |Radiation dose: Not
1.0-2.9); event rates 64 vs 56 always specified;
e ORN of the mandible RR=0.6 (Cl, commonly >30 or >60 Gy
0.25-1.4); event rates 31 vs 37 (NS)
e Brachial plexopathy: No resolution
in either grp
Hemorrhagic cystitis: 75% in HBOT F/u: 6, 12, and 18 mos
grp at 6 mos, 50% at 12 mos, 45% at Dose: 2.5 ATA, 60 min
18 mos; NS difference between HBOT .
. . . . # HBOT sessions: 228
and intravesical hyaluronic acid e —
instillation (fair RCT; n=36)
Soft tissue radionecrosis: 50%-100% |Poor reporting
complete or partial healing (13 case  |Time frame from
series; n=168) radiation tx to HBOT: NR
Radiation dose: 45-70 Gy
Prevention of 1 fair, 7 poor, |(Trials F/u: 2.5-42.2 mos Benefit Moderate
ORN after tooth |1 unclear ¢ Incidence rate at 6 mos: RR=0.18  |pgse: 2.4 ATA, 90 min
extraction (n=713) (P=0.005); absolute rates 5.4% vs .
29.9% in favor of HBOT (RCT # HBOT sessions: 30
. where reported
unclear quality; n=74) Time frame from
Observational data added to RCT e it
. radiation tx to HBOT:
e Incidence rate 4% vs 7% (overall >6mos and <15 yrs where
rate) in favor of HBOT (1 fair, 7
reported
poor, 1 unclear; n=713)
Radiation dose: >60 Gy
where reported
Complete 1 fair, 2 Pooled data from 3 RCTs (n=246) F/u: 6-18 mos where Benefit Moderate
mucosal cover  |unclear e RR=1.3(Cl, 1.1-1.6) reported
and (n=246) e NNT=5 .
establishment of o Absolute rates 84% vs 65% in favor |225&F 24 ATA, S0 min
bony continuity of HBOT # HBOT sessions:30
for ORN -
Time frame from
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SIELES Direction of | Quality of
Outcome (#, Quality, Summary of Findings Clinical Detail . .
: Findings Evidence
Size)
radiation tx to HBOT:
>6mos and <15 yrsin 1
study; presence of ORN
for 2 mos in another
Radiation dose: >60 Gy
where reported
QoL 2 good, 3 fair |Radiation proctitis F/u: 12 mos where Radiation Moderate
(n=287) o Bowel bother subscale pre-post reported proctitis:
mean improvement 14.1% in HBOT |pgse: 2-2.5 ATA, 80-90 Benefit
grp (P=0.0007) vs 5.8% in control | min where reported Radiation
grp (P=0.15) # HBOT sessions:30-40  |injury
Radiation injury from head and neck |~ resulting from
cancer m head and neck
e Improved QOL functional radiation tx to HBOT: 2 cancers:
outcomes at 12 mos; sticky saliva [daysin1study;3-moto |5 o
score (P=0.01); dry mouth 3-yr hx of radiation |
(P=0.009); and VAS for pain in the |damage elsewhere Pts w/ denta
mouth (P<0.0001) Radiation dose: 47-70 Gy | P .ants in
Dental implants in irradiated field in 1 study; NR elsewhere irradiated .
. area: Benefit
e Global QOL score MD 17.6 points .
(Cl,2.8-32.2) Axillary
Axillary radiation injury ‘ra.d|at|on
e MD-2.3(Cl, —19 to 14.4); 12-mo injury: No
SF-36 scores 58.8 vs 61.1 (NS) benefit
Improvement in |1 good e LENT-SOMA mean score 5.0/14 in |F/u: Immediately posttx |Benefit Low due to
late effects of (n=150) HBOT grp vs 2.6/14 in control grp  |pose: 2 ATA, 90 min insufficient
radiation (LENT- (P=0.002) . evidence
SOMA scores) « MD 2.4 points # HBOT sessions:30-40
Time frame from
radiation tx to HBOT: NR;
3-mo hx of radiation
proctitis
Radiation dose: NR
Loss of dental 1 fair (n=26) | ¢ RR=2.5(Cl, 0.59-10.64) (NS) Flu:1lyr No benefit Very low
implants e Absolute values, 8 lost implants  pose: 2.5 ATA, 80 min due to
among HBOT grp 3 among controls # HBOT sessions:30 |ns.uff|C|ent
EEEE— evidence
Time frame from
radiation tx to HBOT: NR
Radiation dose: NR
Wound 2 unclear Pooled data from 2 trials (n=368) F/u: immediately posttx |Benefit Low due to
dehiscence in (n=368) e RR=4.2 (Cl, 1.1-16.8) Dose: 2.4 ATA, 90 min unknown
head and neck e Absolute values 6% vs 28% in favor risk of bias

tissues

of HBOT (1’=70%)

# HBOT sessions:30

Time frame from
radiation tx to HBOT: NR

Radiation dose: >64 Gy

Key: ATA, atmosphere absolute; Cl, confidence interval 95%; f/u, follow-up; grp, group; Gy, gray; HBOT, hyperbaric oxygen
therapy; hx, history; LENT-SOMA, late effects in normal tissues subjective, objective, management and analytic scales; LRTI, late
radiation tissue injury; MD, mean difference; NNT, number needed to treat; NR, not reported; NS not statistically significant;
ORN, osteoradionecrosis; posttx, posttreatment; pt(s), patients; QOL, quality of life; RCT, randomized controlled trial; RR,
relative risk; SF-36, SF-36 Health Survey; tx, treatment (or therapy)
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HBOT for Brain Injury

Two good-quality systematic reviews, including 16 studies (6 RCTs, 4 uncontrolled pre-post studies, 6
other observational studies) plus 1 additional fair quality pre-post study (63 participants) of relevance,
but not included in either systematic review, reported on the effectiveness of HBOT for the treatment of
brain injury, including TBI and other brain injuries. Outcomes evaluated included mortality and
functional outcomes.

Mortality and functional outcomes among TBI patients: Moderate- to low-quality evidence from the
pooled data of 4 fair-quality trials (387 TBI patients) reported a significantly reduced risk of dying among
TBI patients receiving HBOT versus controls (RR, 0.69; 95% Cl, 0.54-0.88; NNT, 7). ). The number of HBOT
sessions varied from 10 to 40. Enrolment into the study following hospital admission varied across the
studies. Rockswold (1992) reported enrollment after 6 hours; Xie (2007) reported enrollment after 24
hours; Artru (1976) reported enrollment after 4.5 days, and Holbach (1974) did not specify any period
before entry into the study.

Low-quality data also from the pooling of 4 trials (382 TBI patients) (3 fair quality, 1 poor quality) found
no significant reduction in the risk of an unfavorable functional outcome 1 year following HBOT (RR,
0.51; 95% Cl, 0.25-1.08). There was significant heterogeneity between the trials (1>=81%) and the results
were borderline sensitive to the number of dropouts in one of the trials.

Mortality, functional outcomes, and symptoms among patients with non-TBI brain injury: Very-low-
quality data were available in relation to non-TBI brain injuries. One poor-quality pre-post study (136
patients) found 7% mortality among patients following HBOT. A poor-quality, uncontrolled,
observational study (32 patients) reported 5% to 10% improvement in memory among patients having
undergone HBOT. Similarly, a poor-quality pre-post test, with historical controls, found both children
and adults with chronic brain injury (including cerebral palsy, stroke, TBI, anoxic ischemic
encephalopathy, and Lyme disease) had significantly improved cognitive performance following HBOT
than did brain injured or normal controls. We have very low confidence in the reliability of these results;
particularly since the treatment group showed significantly poorer cognitive performance before testing
than did the brain-injured controls, increasing the likelihood for selection bias. Furthermore, the authors
gave no explanation for the significant pre-post test difference observed among the normal controls. A
number of other very poor or poor-quality studies reported high cure rates or improved symptoms
among brain-injured patients having undergone HBOT, all of which had significant methodological flaws
rendering the results unreliable.

Quality assessment and summary: Low- to moderate-quality evidence from 10 primary data studies
suggests that although HBOT may reduce the risk of dying following a TBI, there is little evidence that
those who survive have a good functional outcome. Based on the available data, the review authors did
not recommended routine application of HBOT to TBI patients

Evidence from 6 poor or very-poor-quality primary data studies are insufficient to determine if HBOT is
effective in improving health outcomes among patients with brain injuries other than TBI.
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Summary of findings by outcome for HBOT as a treatment for TBI

Studle's . . . . Direction of Quality of
Outcome | (#, Quality, Summary of Findings Clinical Detail Findings Evidence
Size)
Mortality 4 fair e RR=0.69 (Cl, 0.54-0.88) (|2=0%) F/u:10daysto 1yr Benefit (i.e., reduced |[Moderate
among pts  |(n=387) e NNT=7 (Cl, 4-22) Time frame: Enrollment at 6- |11k of death but w/
w/ TBI) * Absolute risk difference 15% |hrs to 5-days post-injury no evidence of
* Absolute rates 28% vs41% |06 1.5.2.5 ATA, 40-80 min improved function)
Functional |3 fair, 1 e Unfavorable functional # HBOT sessions: 10-40 No benefit Low due to
outcomes poor outcome? at final imprecision
among pts  |(n=382) assessment”: RR=0.51; 95% Cl, and
w/ TBI 0.25-1.08 (NS) (1°=81%) inconsistency

Key: ATA, atmosphere absolute; Cl, confidence interval 95%; AFinal assessment ranged from 12 days to 1 year; f/u, follow-up;
HBOT, hyperbaric oxygen therapy; NNT, number needed to treat; NS not significant; pt(s), patient(s); RR, relative risk; TBI,
traumatic brain injury; » Unfavorable functional outcome is defined as severe disability, vegetative state, or death

Summary of findings by outcome for HBOT as a treatment for non-TBI brain injury

SN Direction of Quality of
Outcome (#, Quality, Summary of Findings Clinical Detail . .
. Findings Evidence
Size)
Mortality 1 poor ® 7% mortality following HBOT, no Dose: 2.5 ATA, 90 Insufficient  |Very low due to
among ptsw/ [(n=136) controls min evidence insufficient
non-TBI brain Poor reporting evidence
injuries
Functional 2 poor e 5%-10% improvement in memory Poor reporting Benefit Very low due to
outcomes (n=158) (poor observational study) insufficient
among non-TBI e Significantly better cognitive evidence
brain injury pts performance compared w/ historical
controls (poor pre-post-study; baseline
differences created bias in favor of
HBOT)
Symptoms 1 poor, 2 e Positive results (38% to 68% cure rate) |Poor reporting Benefit Very low due to
among non-TBI |very poor but serious methodological flaws insufficient
brain injury pts [(n=92) evidence

Key: ATA, atmosphere absolute; HBOT, hyperbaric oxygen therapy; pt(s), patient(s); TBI, traumatic brain injury

HBOT for Cerebral Palsy

One good-quality 2007 systematic review (449 participants), including 6 studies (2 RCTs, 4 observational
studies) (449 participants) reported on the effectiveness of HBOT for the treatment of cerebral palsy.
The outcomes evaluated included motor function (change in gross motor function measure [GMFM] and
% improvement in GMFM); caregiver assessment (using the Pediatric Evaluation of Disability Inventory
[PEDI]); and other disease-specific outcomes such as improvement in speech, social functioning, and
cognitive ability.

Motor function: Low-quality evidence from 1 fair-quality RCT and 2 fair-quality observational studies
reported results on motor function. The results were mixed. The RCT reported improvements in GMFM
among both the HBOT and control groups, with no significant difference between the groups
immediately following treatment and again at 6 months follow-up (mean change in GMFM immediately
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posttreatment was 2.9 in the HBOT group versus 3.0 in the control group, P=NS; mean change at 6
months follow-up was 3.4 in the HBOT group versus 3.1 in the control group, P=NS). Two small (n=25
and n=7) prospective before-after studies both reported improvements in GMFM among patients
receiving HBOT (5.3% and 8.9% improvement in GMFM scale, respectively).

Caregiver outcome: The evidence related to caregiver outcomes was of very low quality overall. Two
poor-quality RCTs (for the outcome of interest) reported on caregiver outcomes. One found that the
control group had significantly better mobility and social functioning posttreatment (data not provided);
the other reported no difference between groups in PEDI scores according to the results from blinded
assessors but found a significant improvement in PEDI mobility subscore favoring HBOT among
unblinded parents (data not provided).

Other outcomes: The overall quality of the data for all other outcomes was considered very low. A poor-
quality prospective time-series of 50 patients reported improvements of 13% for motor, 6% for
cognitive, and 7% for speech abilities 2 days post HBOT. Another poor-quality retrospective time-series
(230 participants) reported 95% reduced spasticity immediately post HBOT, which persisted among 76%
of 82 children at 6 months follow-up. There was a high risk of bias among both of these studies.

Quality assessment and summary: There is insufficient evidence from 6 studies (2 RCTS and 4
observational studies) to determine the effectiveness of HBOT for the treatment of cerebral palsy.
Inconsistencies in the direction of the results, a paucity of studies, small sample sizes, differences in
baseline characteristics, and the number of treatment sessions provided, all contributed to the low-
quality grade assigned to motor function, which was considered the major outcome of interest. Fair- to
poor-quality observational data suggests an improvement in motor function and other disease-specific
subjective outcome measures among children receiving HBOT, but a fair-quality RCT found no additional
benefit from HBOT among children receiving HBOT versus those receiving pressurized air.
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Summary of findings by outcome for HBOT as a treatment for cerebral palsy

SN Direction of | Quality of
Outcome (#, Quality, Summary of Findings Clinical Detail . X
: Findings Evidence
Size)
Motor function |3 fair (n=143) |Trial data (1 RCT; n=111) F/u: Immediately Mixed (1 Low due to
o NS difference between grps posttx to 6 mos showed no |inconsistency
immediately posttx or at 6 mos; both |pgse: 1.75 ATA, 60 benefit, 2
grps improved significantly (GMFM Fn;control grp showed
3.4vs 3.1 at 6 mos) received 1.2 ATA benefit)
Observational data: n=32 .
« 5.3%-8.9% improvement in GMFM (2 |11i20Tsessions: 20-40
fair pre-post studies)
Caregiver/PEDI 2 poor 1 study found improved PEDI (social Poor reporting Mixed Very low due
(n=137) functioning and mobility); 1 study found to high risk of
no difference (results NR for either bias and
study) (2 RCTs) inconsistency
Other disease- 2 poor Observational data F/u: 2-days to 6-mos Benefit Very low due
specific outcomes [(n=280) e 13% had improved motor function, posttx to high risk of
6% had improved cognitive abilities, |pgse: 1.5-1.7 ATA, 40- bias
and 7% had improved speech abilities (120 min
2 days posttx .
e 76% reduced spasticity at 6 mos # HBOT sessions: 20

Key: ATA, atmosphere absolute; f/u, follow-up; GMFM, gross motor function measure; grp(s), group(s); HBOT, hyperbaric
oxygen therapy; NR, not reported; NS not significant; PEDI, Pediatric Evaluation of Disability Inventory; posttx, posttreatment;
RCT, randomized controlled trial

HBOT for Multiple Sclerosis

One systematic review, including 9 RCTs (10 publications) (504 participants), reported on the
effectiveness of HBOT for the treatment of multiple sclerosis (MS). The primary outcomes evaluated
included objective assessments of improvement in MS by a neurologist/hyperbaric physician (Kurtzke
Expanded Disability Status Scale [EDSS] and the number of patients suffering disease exacerbations),
secondary outcomes included global and individual Functional Status Scores (FSS) assessed by a
neurologist, as well as those reported by the patient.

Reduction in EDSS: Moderate-quality evidence from 5 pooled trials (271 participants) (2 good quality, 3
fair) found no significant reduction in disability among MS patients receiving HBOT versus sham
treatment immediately posttreatment (mean EDSS change in HBOT group versus sham, —0.07; 95% Cl, —
0.23 to 0.09), or at 6 months follow-up (mean EDSS change in HBOT group versus sham, —0.22; 95% Cl, —
0.54 to 0.09). The 6-month results were based on pooled data from 3 trials. Two trials (81 participants)
were pooled to examine the outcome at 1-year posttreatment and found a significant reduction in mean
EDSS in the HBOT group versus the sham treatment group (mean change, —0.85; 95% Cl, —1.28 to —0.42).
These 2 trials, however, were the only trials to provide positive data among 9 included studies and a
change of 1 point on the EDSS scale is considered clinically meaningful.

Prevention of exacerbation: Moderate-quality evidence from 5 studies (1 good quality, 4 fair quality)
suggests that HBOT does not significantly reduce the chance of having an exacerbation at 1 month (odds
ratio [OR], 0.31; 95% Cl, 0.01-7.8), 6 months (OR, 0.74; 95% Cl, 0.25-2.22,) or 12 months (OR, 0.38; 95%
Cl, 0.04-3.22; P=0.4) following treatment.
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FSS: Moderate-quality evidence from 4 pooled studies suggests that HBOT does not improve functioning
among MS patients. Four studies were pooled to determine if HBOT improved global FSS scores at the
end of 20 treatment sessions. The results showed no significant difference between groups in overall

FSS (29% improvement in the HBOT group versus 28% in the sham group) (OR, 1.17; 95% Cl, 0.59-2.33).
Similarly, 7 of the 9 included trials reported no significant difference between HBOT and sham treatment
in terms of individual FSS elements. Two studies showed improved pyramidal function at 6 and 12
months follow-up.

Quality assessment and summary: Moderate-quality evidence from 9 trials suggests little effect of HBOT
on outcomes related to MS. Two small, good-quality trials found modest benefits, while 7 fair-quality
trials found no benefit. Furthermore, the statistical benefits observed in the 2 positive trials are unlikely
to translate into clinically significant benefits for the patient. Of note, there were no RCTs found on this
topic post 1990, and there appears to be little interest in further investigation into the use of HBOT for
MS.
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Summary of findings by outcome for HBOT as a treatment for multiple sclerosis

SIELES Direction of Quality of
Outcome (#, Quality, Summary of Findings Clinical Detail . .
: Findings Evidence
Size)
Reduction in |2 good, 3 fair [Mean change in EDSS immediately posttx F/u: Immediately |0 and 6 mos f/u Moderate
EDSS (271) (pooled data from 5 RCTs; n=271): post-x-12 mos (n=7 studies): No
e 0.07 (Cl,-0.23 to 0.09) (NS) Dose: 1.75.2.5  |benefit
Mean change in EDSS 6-mos posttx (pooled  |ATA, 90 min 12 mos f/u (n=2
data from 3 RCTs; n=163) # HBOT sessions: studle.s).: Benefit
e —0.22 (Cl, —0.54 to 0.09) (NS) 2075 but clinical
Mean change in EDSS at 12-mos posttx (pooled meaningfulness in
data from 2 RCTs; n=81) Mean EDSS at question
e —0.85 (Cl, -1.28 to —0.42 (1-point change  |BL:<7:5
considered clinically meaningful)
Prevention of |1 good, 4 fair |Odds of an exacerbation at 1-mo posttx (1 fair |F/u: 1-12 mos No benefit Moderate
exacerbation |(n=392) RCT; n=117) Dose: 1.75-2.5
e OR=0.31(Cl, 0.01-7.8) (NS) ATA, 90 min
Odds of a.n exacerbation at 6-mos posttx (2 # HBOT sessions:
pooled fair RCTs; n=122) 720_27
e OR=0.74 (Cl, 0.25-2.22 (NS)
Odds of an exacerbation at 12-mos posttx (2 Mean EDSS at
pooled fair RCTs; n=153) BL:<8
e OR=0.38 (Cl, 0.04-3.22) (NS)
FSS 2 good, 7 fair |Global FSS (4 pooled RCTs; n=194) F/u: Posttx to 12 |Global FSS: No Moderate
(n=457) e OR=1.17 (Cl, 0.59-2.33) (NS) mos benefit

® 29% vs 28% improvement
Individual FSS (9 RCTs)

e No difference in 7/9 studies (poor
reporting)

Pyramidal function at 6 mos (2 pooled RCTs;

n=164)

e 0Odds of failing to improve OR=0.17 (Cl,
0.07-0.78) in favor of HBOT

e Absolute values 11% improved vs 2.3%

e NNT=11 (Cl, 6-63)

Pyramidal function at 12 mos (1 RCT; n=44)

e Odds of failing OR=0.13 (Cl, 0.03-0.58) in
favor of HBOT

e Absolute difference in improvement 13.2%
vs 4.5%

e NNT=11 (95% Cl, 6-197)

Dose: 1.75-2.5
ATA, 90 min

# HBOT sessions:
20-75

Mean EDSS at
BL:<8

Individual FSS: No
benefit
Pyramidal FSS:
Benefit

Key: ATA, atmosphere absolute; BL, baseline; Cl, confidence interval 95%; EDSS, Expanded Disability Status Scale; Functional
Status Score, FSS; f/u, follow-up; grp, group; HBOT, hyperbaric oxygen therapy; MD, mean difference; NNT, number needed to
treat; NR, not reported; NS not significant; OR, odds ratio; posttx, posttreatment; RCT, randomized controlled trial

HBOT for Migraines and Cluster Headaches

One good-quality systematic review (119 participants), including 7 RCTs, reported on the effectiveness
of HBOT for the treatment and prevention of cluster headaches or migraines. The outcomes evaluated
included relief from migraine/headache, requirement for rescue medication; pain intensity; number of
headache days per week; sustained relief; and headache index.
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Migraines: Low-quality evidence from 3 pooled fair-quality trials (43 participants) found a significant
relief from acute migraines following 40 to 45 minutes of HBOT. The results suggest that more than 70%
of sufferers will obtain relief with an NNT of 2 (95% Cl, 1-2) compared with a sham treatment. There is
very-low-quality evidence for all other outcomes. For example, a fair-quality trial (40 participants) found
no significant difference in the percentage of patients requiring rescue medication in the first week after
receiving HBOT versus a sham treatment (RR, 0.84; 95% Cl, 0.64-1.11), no difference in the percentage
of patients experiencing nausea with or without vomiting (RR, 1.27; 95% Cl, 0.68-2.38), and no
differences between groups in the mean number of headache days per week during 1, 4, or 8 weeks
posttreatment (MD during week 1, -0.13; 95% Cl, —1.41 to 1.15; MD during week 4, —0.25; 95% Cl, —1.52
to 1.02; MD during week 8, -0.75; 95% Cl, —2.06 to 0.56). Similarly, another trial reported no difference
between groups in mean pain intensity score immediately posttreatment among 8 patients enrolled in a
crossover trial (MD, 2.8; 95% Cl, —4.69 to 10.29).

Cluster headaches: The evidence related to the use of HBOT for cluster headaches is of very low quality.
One small, poor-quality trial (13 participants) found that more patients experienced relief from cluster
headaches within 20 minutes of receiving HBOT (6 of 7 patients) than those that did not receive HBOT (0
of 6) but the result was not significant (RR, 11.38; 95% Cl, 0.77-167.85). The study found that 86% of the
HBOT group obtained relief and sustained it for 48 hours versus none in the sham group, but the study
did not have the power to find the effect significant. Another small crossover trial of fair quality
involving 16 patients found that HBOT offered no benefit in the treatment of cluster headaches over
controls (RR, 0.98; 95% Cl, 0.40-2.41).

Quality assessment and summary: Low-quality evidence from 3 fair-quality RCTs suggest that 40 to 45
minutes of HBOT is effective in significantly relieving an acute migraine attack. Just 2 patients need to be
treated to obtain significant relief for 1 additional patient. There is no evidence that HBOT can prevent
migraines, reduce the nausea and vomiting associated with migraines, or reduces the need for rescue
medication. There is insufficient evidence from 2 studies to determine the effectiveness of HBOT for
preventing, relieving, or terminating cluster headaches (Table 10).
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Summary of findings by outcome for HBOT as a treatment for migraine

SN Direction of Quality of
Outcome (#, Quality, Summary of Findings Clinical Detail . X v
: Findings Evidence
Size)
Migraine relief |3 fair (n=43) |Pooled data from 3 fair RCTs (n=43) |F/u: Immediately posttx |Benefit Low due to small
e RR=5.97 (C|, 1.46—24.38) Dose: 2 ATA, 40-45 min sample size
* NNT=2(Cl, 1-2) # HBOT sessions: 1
Reduction in 1 fair (n=40) |e RR=0.84 (Cl, 0.64-1.11) (NS) F/u: 1 wk No benefit  [Very low due to
nausea and Dose: 2 ATA, 30 min on 3 insufficient
vomiting consecutive days evidence
# HBOT sessions: 3
Need for rescue |1 fair (n=40) |e RR=1.27 (Cl, 0.68-2.38) (NS) F/u: 1 wk No benefit  |Very low due to
medication Dose: 2 ATA, 30 min insufficient
. evidence
# HBOT sessions: 3on 3
consecutive days
Migraine pain 1 fair (n=8) e MD 2.8 (Cl,—4.69 to 10.29) (NS) |F/u: Immediately posttx |No benefit |Very low due to
intensity Dose: 2.4 ATA, until pain insufficient
cessation plus 20 min, or evidence
60 min total
# HBOT sessions:2
Frequency of 1 fair (n=40) |e MD duringwk 1-0.13 (Cl, -1.41 |F/u: 1, 4, and 8 wks No benefit  |Very low due to
migraines to 1.15) (NS) Dose: 2 ATA, 30 min insufficient
. . _ — .d
e MD during wk 4 -0.25 (Cl, -1.52 # HBOT sessions: 3 evidence
to 1.02) (NS) e
e MD during wk 8 -0.75 (Cl, —2.06
to 0.56) (NS)

Key: ATA, atmosphere absolute; Cl, confidence interval 95%; f/u, follow-up; grp, group; HBOT, hyperbaric oxygen therapy; MD,
mean difference; NNT, number needed to treat; NS not statistically significant; posttx, posttreatment; RCT, randomized
controlled trial; RR, relative risk

Summary of findings by outcome for HBOT as a treatment for cluster headache

SIS Direction of | Quality of
Outcome (#, Quality, Summary of Findings Clinical Detail s . 4
3 Findings Evidence
Size)
Relief from 1 poor (n=13)| e RR=11.38 (Cl, 0.77-167.85) (NS) [E/u: 20 min posttx and at 8 |No benefit  [Very low
cluster e Absolute values: 6/7 pts wks
headaches obtained relief vs 0/6 in favor of |pgse: 2.5 ATA, 30 min
HBOT # HBOT sessions:1
Headache index |1 fair (n=16) |e RR=0.98 (Cl, 0.40-2.41) (NS) F/u: 1wk No benefit Very low
(success defined Dose: 2.5 ATA, 70 min
as 50% reduction .
. # HBOT sessions: 2
in index)

Key: ATA, atmosphere absolute; Cl, confidence interval 95%; f/u, follow-up; HBOT, hyperbaric oxygen therapy; MD, mean
difference; NNT, number needed to treat; NS not statistically significant; posttx, posttreatment; pt(s), patient(s); RR, relative

risk

Hyperbaric Oxygen Therapy — Final Report

Page 23




Health Technology Assessment February 15, 2013

HBOT for Sensorineural Hearing Loss

One good-quality systematic review from the Cochrane Collaboration, originally published in 2007
(including 7 RCTs, 396 participants), plus 1 fair-quality RCT (57 participants), published subsequently,
reported on the effectiveness of HBOT as a treatment for sensorineural hearing loss. Studies can be
divided into those that looked at HBOT in the acute or chronic phases following the onset of hearing
loss. The primary outcome across studies was improvement or return of hearing.

Acute phase: There is some low-quality evidence for the use of HBOT as a treatment for sensorineural
hearing loss in the acute phase (within 2 weeks) of the disease (4 fair quality, 4 poor quality). Pooled
data from 2 trials (114 participants) (1 fair quality, 1 poor quality) found a significant improvement in the
proportion of patients with > 25% return of hearing at the end of HBOT versus control (RR, 1.39; 95% Cl,
1.05-1.84; NNT, 5; 95% Cl, 3-20) but no significant improvement in the proportion of patients with > 50%
return of hearing (RR, 1.53; 95% Cl, 0.85-2.78). A fair-quality trial (50 participants) found that patients
receiving HBOT had a significantly better improvement in pure-tone average (PTA) from baseline to
posttreatment than did controls (weighted MD, 37% in favor of HBOT; 95% Cl, 22%-53%), and pooled
data from 2 studies (1 fair quality, one poor quality) found a significant mean improvement in hearing
over all frequencies among the HBOT group versus controls (MD, 15 dB greater with HBOT; 95% Cl, 1.5-
29.8). In contrast, 1 fair-quality trial (20 participants) found no significant difference between groups in
the absolute improvement in PTA > 20 dB (RR for absolute improvement with HBOT, 3.0; 95% Cl, 0.14-
65.9), and a fair-quality RCT involving 57 patients (published subsequent to the Cochrane Review) found
no significant benefit to HBOT in addition to steroids versus steroids alone (79% complete or moderate
recovery among the HBOT group versus 71% among the control group; P=NS).

Chronic phase: Moderate-quality evidence from 2 fair-quality trials suggests no benefit to HBOT in the
chronic phase of sensorineural hearing loss. One trial reported no significant difference between groups
in the proportion of patients with improvement in PTA (RR for improvement with HBOT, 0.64; 95% Cl,
0.30-1.33), and another found no significant mean improvement in hearing across all frequencies (MD,
1.4 dB in favor of HBOT group; 95% Cl, —3.2 to 6.0).

Quality assessment and summary: Low-quality evidence (due to mixed results) from 8 RCTs is
inconclusive as to whether there is a benefit of HBOT for the treatment of sensorineural
hearing loss in the acute phase. A large systematic review suggests that HBOT is beneficial
among patients who present within 2 weeks of onset of the disease; however, there is no evidence
that the statistical benefit observed translates into a functional benefit, and the results from a recent
RCT do not support that finding. Moderate-quality evidence suggests that HBOT provides no added
benefit to patients presenting with chronic sensorineural hearing loss.
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Summary of findings by outcome for HBOT as a treatment for sensorineural hearing loss

SN Direction of |Quality of
Outcome (#, Quality, Summary of Findings Clinical Detail . X v
: Findings Evidence
Size)
Hearing 4 poor, 4 % pts w/ >25% return of hearing (pooled data from 2 [F/u: Posttx Mixed (limited |Low due
improvement/ |fair (n=439) |RCTs; n=114) Dose: 1.5-2.5 evidence ofa [to
recovery in e RR=1.3(Cl, 1.05-1.84) ATA, 45-90 min benefit if inconsiste
acute e NNT=5 (Cl, 3-20) presented ncy
. St # HBOT :
sensorineural e Absolute risk difference 22% —— w/in 2 wks but
. ) sessions: 10-20
hearing loss % pts w/ >50% return of hearing _ the results are
(pooled data from2 RCTs; n=114) Time frame inconsistent
e RR=1.53 (Cl, 0.85-2.78) (NS) fromonsetto  |and clinical
tx: 2-14 days meaningfulnes
% pts w/ complete (>50 dB) or moderate (10-50 dB) . f 2 25%
recovery (1 fair RCT; n=57) _y_Seve.nt of Sn:) rao en:ent
® 79%vs 71% (NS) \r}i'rlrcllgb—cﬁ ;n Eea\r/in loss
Improvement in PTA from baseline to posttx (1 fair arie YV' ey g
from mild to is unclear and
RCT; n=50) d NR |depends on
e Weighted MD 37% in favor of HBOT (Cl, 22%-  |>c &ean pends
53%) in 4 studies the severity of
. hearing loss at
o Absolute values 61% vs 24%, respectively
the onset)
Mean improvement in hearing (pooled data from 2
RCTs; n=92)
e MD 15 dB favoring HBOT (Cl, 1.5-29.8)
Absolute improvement in PTA >20 dB
e RR=3.0(Cl, 0.14-65.9) (NS)
Hearing 2 fair (n=81) |% pts w/ improved hearing (1 fair RCT; n=44) F/u: 4 wks No benefit Moderate
improvement/ e RR=0.64 (Cl, 0.30-1.33) (NS) where reported
recovery in e Absolute values 7 vs 11 pts Dose: 1.5-2.5
chronic Mean hearing improvement (1 fair RCT; n=37) ATA, 45-60 min
sensorineural e MD 1.4 dB (Cl, ~3.2 to 6.0) (NS) # HBOT
hearing loss —
sessions: 10-15
Time frame
from onset to
tx: 14 daysto 1
yr
Severity of
hearing loss: NR

Key: ATA, atmosphere absolute; Cl, confidence interval 95%; dB, decibels; f/u, follow-up; HBOT, hyperbaric oxygen therapy;
MD, mean difference; NNT, number needed to treat; NR, not reported; NS not statistically significant; posttx, posttreatment;
PTA, pure tone audiometric; pt(s), patient(s); RCT, randomized controlled trial; RR, relative risk; tx, treatment

Findings, Key Question #1a: What is the optimal frequency, dose, and duration of HBOT

treatment?

Several systematic reviews planned to examine the optimal frequency, duration, and dose of treatment
for HBOT but found very little data in the published research. Three systematic reviews conducted some
form of subgroup analyses relevant to the question of frequency and dose but none looked at the
duration of treatment sessions. The summary of findings tables (presented in key question 1) provide
the frequency, dose, and duration of HBOT for the studies included in the review. Please use the
hyperlinked heading to link to a more detailed discussion in the Literature Review.

Frequency of HBOT Sessions
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Low-quality evidence from 8 studies (3 good, 1 fair, 4 poor quality) provided mixed results on the
optimal frequency for HBOT. A 2012 systematic review pooled data from 5 RCTs and found no significant
benefit of HBOT for major amputation rate among patients with diabetic foot ulcers for either a short
course of HBOT (< 30 treatment sessions) (RR, 0.29; P=0.08) or a longer course (> 30 sessions) (RR, 0.40;
P=0.29). A 2011 systematic review examining the effects of HBOT on MS found conflicting results from 2
good-quality trials that looked at number of treatment sessions. One trial found that there was a
significant benefit of HBOT for those having a shorter course of treatment (20 session versus 20 sessions
plus 5 months of boosters) (shorter course mean change in HBOT group versus sham, —0.84; 95% Cl, —
1.43 to —0.25; longer course mean change in HBOT group versus sham, —0.29; 95% Cl, —0.91 to 0.33).
However, the other trial found a significant benefit of HBOT for those having a longer course of
treatment but not for the shorter course (20 session versus > 20 sessions) (longer course: OR, 0.19; 95%
Cl, 0.05-0.73; shorter course: OR, 0.34; 95% Cl, 0.01-8.64). The heterogeneity between the trials could
not be explained by looking at dose or differences in the control groups. In addition, a poor-quality case
series of 19 patients found no differences in hearing improvement based on number of treatment
sessions (> 30 sessions versus < 30 sessions) or if treatment was provided within 15 days of presentation
versus between 15 and 30 days. No study looked at frequency in terms of the optimum number of
sessions per day.

Dose

Low-quality evidence from 5 trials (4 fair quality, 1 poor quality) was insufficient to determine the
optimal dose for HBOT. Data from 4 pooled trials (3 fair quality, 1 poor quality) found that the
application of high treatment pressure (2 ATA), among patients with TBl was associated with a better
outcome than lower treatment pressure (1.5 ATA) (unfavorable functional outcome at 2.5 ATA: RR, 0.48;
95% Cl, 0.27-0.87; unfavorable outcome at 1.5 ATA: RR, 0.47; 95% Cl, 0.08-2.85; P=0.41). However, there
was significant heterogeneity between the included studies. Conversely, one fair-quality trial found that
HBOT was more effective than air in relieving acute migraines (RR, 6.23; 95% Cl, 0.47-82.92) but no
better than normobaric oxygen (RR, 9.0; 95% Cl, 1.39-58.44).

Summary and Quality Assessment

The available data from 13 studies provides insufficient evidence to determine the optimal treatment
frequency duration or dose for HBOT. No studies reported on the optimal duration of treatment
sessions; there were mixed results from subgroup analysis involving 8 studies looking at frequency; and
significant heterogeneity means that we have low confidence in the available results from 5 studies that
looked at dose.
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Summary of the evidence related to the frequency, duration, or dose of HBOT

Frequency of HBOT Sessions

Duration of
Treatment Sessions

Dose

Range across studies

1-101

20-120 minutes

1.0-3.0 ATA

Findings from subgroup
analyses

No difference between a longer treatment
course (>30 sessions) and a shorter course
(<30 sessions) among patients with diabetic
foot ulcers or sensorineural hearing loss;
conflicting results for patients with multiple

None

Oxygen dose of 2.5 atmospheres
absolute (ATA) was more
effective than 1.5 ATA for
patients with traumatic brain
injury (TBI) but the heterogeneity

sclerosis between studies was very high
Optimal Unable to determine Unable to determine |Unable to determine
Overall quality of Fair NA Fair
individual studies
Quality of the body of (Low NA Low

evidence

Findings, Key Question #2: What harms are associated with HBOT?

Fifteen systematic reviews provided data on the safety of HBOT for the indications under investigation.
We also included data from 4 primary data studies obtained through a search of the literature for
harms-specific studies as well as harms data from 4 related Hayes HTA reports. Please use the
hyperlinked heading to link to a more detailed discussion in the Literature Review.

The overall evidence suggests that harms associated with HBOT are generally mild and self-limiting. The
majority of reported harms include barotrauma, temporary visual disturbances, and, more rarely,
oxygen toxicity. Occasional reports of seizures represent the most serious side effects. The Medical
Services Advisory Committee (MSAC) of Australia reported an overall harms incidence rate of 6.3%; 17%
incidence of general pain or discomfort during decompression; 4.8% incidence of ear pain; 1.5%
incidence of tympanostomy tube placements; 0.9% incidence of persistent ocular changes; 0.6%
incidence of ear barotrauma; 0.34% incidence of abdominal pain; and 0.1% incidence of claustrophobia.

Notable indication-specific harms found in the literature include the following:

o Among patients with LRTI, there were reports of ear pain (16% in a trial of 150 patients),
transient myopia (3% in one study 8% in another), and confinement anxiety (1.7%).

e Pooled data from 2 trials reported severe pulmonary complications (defined as either, rising
oxygen requirements and infiltrates in chest x-ray or cyanosis and hyperpnoea so severe as to
imply “impending hyperoxic pneumonia”) among 13% of TBI patients receiving HBOT compared
with none in the control groups (RR, 15.57; 95% Cl, 2.11-114.72).

e One study reported ear problems among 47% of children with cerebral palsy receiving HBOT
versus 22% among controls (P significant but value not reported). Another study reported a 12%
seizure rate and found that 35% of patients reported ear problems. Another reported that 8% of
50 children stopped treatment due to adverse events, including seizures, and one other study
reported 1 seizure in an observational study of 230 patients.

e Among patients with MS, a 2011 Cochrane Collaboration review reported 77 patients (55%),
across 4 trials, suffered temporary deterioration in visual acuity in the HBOT group versus 3
patients (2.3%) in the sham group (OR, 24.87; 95% Cl, 1.44-428.5; NNT, 1; 95% Cl, 1-2).
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Summary and Quality Assessment

Few studies report harms as a primary outcome and many of the most revealing studies on harms come
from poor-quality observational studies. We did not rate the quality of each individual study reporting
harms but the evidence is consistent and generalizable. We suggest that there is moderate evidence
from across 15 systematic reviews, 4 additional primary data studies and 4 Hayes Medical Technology
Directory reports that the harms associated with HBOT are usually mild, self-limiting with most resolving
after termination of treatment. The most common harms include myopia, barotrauma, claustrophobia,
and oxygen toxicity. Life-threatening adverse events are rare but do occur on occasion and can include
seizures and death. There is insufficient evidence to comment on specific risks for subpopulations.

Findings, Key Question #3: What is the differential effectiveness and safety of HBOT according
to factors such as age, sex, race or ethnicity, disability, comorbidities, wound or injury
duration and severity, and treatment setting?

A number of systematic reviews planned subgroup analysis a priori but were unable to carry out
analyses due to a lack of data. Of 21 included systematic reviews in this report, 6 provide evidence
relevant to KQ3. In addition, 4 primary data studies (2 RCTs, 1 pre-post study, and 1 cases series), not
included in the selected reviews, report on differential effectiveness. Please use the hyperlinked heading
to link to a more detailed discussion in the Literature Review.

We found no relevant data on the differential effectiveness and safety of HBOT according to sex, race,
ethnicity, disability, wound duration, or treatment setting. The following indication-specific evidence
was found in relation to age, radiation exposure, and disease severity:

e Low-quality evidence from 2 studies (1 fair-quality RCT, 1 poor-quality case series) suggests that
among patients with sensorineural hearing loss, there is no significant difference in hearing
recovery among patients < 50 years of age compared with those 2 50 years of age (P>0.05).

e Very-low-quality evidence from 1 fair-quality trial (60 TBI patients) found that younger TBI
patients (< 30 years of age) were more likely to recover consciousness by 1 month following
HBOT compared with controls (6 of 9 versus 1 of 9; P<0.03).

e Among patients with sensorineural hearing loss, mixed results from 3 RCTS (1 fair quality, 2 poor
quality) was insufficient to determine if HBOT was more or less effective according to the degree
of hearing loss severity. Pooled data from 2 RCTs (1 fair quality, 1 poor quality) found a
significant improvement in mean hearing with HBOT among those with severe hearing loss
(n=14) at enrollment (MD, 37.7 dB; 95% Cl, 22.9-52.5) but not among those with mild hearing
loss (n=19) at enrollment (MD, 0.2; 95% Cl, —10 to 10.4). In contrast, a poor-quality trial found
that severity of hearing loss was not related to either a 25% or 50% improvement in hearing
following HBOT.

e Low-quality evidence from 9 included studies (1 RCT, 8 observational) found that ORN following
post-irradiation extraction was more likely among head and neck cancer patients having
received a radiation dose > 60 grays (Gy) versus those who received lower radiation doses (< 60
Gy), suggesting that HBOT may be more effective among patients exposed to > 60 Gy of
radiation therapy.

e Low-quality evidence from 1 fair-quality RCT, 1 fair quality observational studies and 4 poor-
quality case series suggest that transcutaneous oxygen measurement TCOM is a good predictor
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of response to HBOT when measured under hyperbaric conditions, but provides mixed evidence
as the whether TCOM can predict response to HBOT by first measuring the response of a wound
to normal air or to 100% oxygen breathed at sea level.

In addition, data from a nonsystematic review included in a 2008 Hayes HTA reported untreated
pneumothorax as the only absolute contraindication to HBOT. Lung disease, previous ear surgery or
trauma, significant upper respiratory infections, fever, and claustrophobia are considered relative
contraindications, depending on their severity. In addition, preexisting cataracts, optic neuritis, and
pregnancy are thought to be relative contraindications. Certain medications, including steroids,
amphetamines, catecholamines, insulin, and thyroid hormone, may enhance central nervous system
oxygen toxicity, and patients who are receiving these and other medications should be monitored
closely during HBOT. A small, poor-quality pre-post test investigating the influences of HBOT on blood
pressure (BP), heart rate, and blood glucose among 41 patients with a variety of indications found that
underlying diseases and concomitant medical treatments significantly influence the effects of HBOT on
vital signs. Overall, mean systolic and diastolic BP were significantly higher post HBOT (MD, 7 millimeters
of mercury [mm Hg]; P=0.001; and MD, 8.9 mm Hg; P<0.001, respectively). Heart rate decreased by 18%
(P<0.001), and blood sugar levels dropped from 231 milligrams per deciliter (mg/dL) (SD, 95)
pretreatment to 170 mg/dL (SD, 85.8) posttreatment (P<0.001). The authors found that patients with
diabetes and hypertension suffered higher elevations in systolic BP and a greater drop in heart rate than
did comparison groups.

Summary and Quality Assessment

There is no evidence to determine the differential effectiveness and safety of HBOT according to sex,
race, ethnicity, disability, wound duration, or treatment setting. There is evidence of very low quality
suggesting that younger TBI patients may recover faster with HBOT than older patients. There is low-
guality evidence suggesting that radiation dose influences the effectiveness of HBOT to prevent ORN
among head and neck cancer survivors. There is low quality evidence that TCOM is a good predictor of
response to HBOT when measured under hyperbaric conditions, and there is mixed evidence as the
whether TCOM can predict response to HBOT by first measuring the response of a wound to normal air
or to 100% oxygen breathed at sea level. There is insufficient evidence from poor-quality studies to
determine the differential safety of HBOT across populations.

Findings, Key Question #4. What are the cost implications of HBOT, including the cost-
effectiveness, compared to alternative treatments?

Cost estimates on the provision of HBOT are sparse. A 2006 UK-based cost analysis estimated capital
start-up costs between GBP 64,800 to 72,000 (USD 104,985 to 116,650) (conversion to USD using rate
on September 20, 2012), and cost per treatment ranging from GBP 32 to 41 (USD 52 to 66). Older data
from the U.S. reported costs in 1996 of between USD 300 to 400 for an average 90-minute session. The
average total allowed charge per treatment in the U.S. in 1998 was USD 405, with an average allowed
therapy cost per patient of approximately USD 12,000. Please use the hyperlinked heading to link to a
more detailed discussion in the Literature Review.

Two good-quality systematic reviews were selected to answer KQ4. Together, they include 11 studies
and provide low-quality evidence on the cost-effectiveness of HBOT for diabetic wounds, nondiabetic
nonhealing wounds, ORN, and thermal burns.
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Cost-Effectiveness of HBOT for Diabetic Wounds

Five studies investigating the cost-effectiveness of HBOT for the treatment of diabetic wounds
suggested that HBOT was cost effective under the assumptions of the various models, but only one
model was robust during sensitivity analysis, suggesting that cost-effectiveness varies widely depending
on the various cost and effectiveness parameters employed. A 2007 Canadian-based decision tree
analysis suggested that adjunctive HBOT was dominant over standard care alone, with 3.64 quality-
adjusted life-years (QALYs) gained among the HBOT group versus 3.01 among controls. The 12-year cost
to the patient was CAD 40,695 (USD 41,625) for the HBOT group and CAD 49,786 (USD 50,924) for
controls (costs were in 2004 Canadian dollars). The results remained stable in a sensitivity analysis,
suggesting that the model was robust and reliable.

Cost-Effectiveness of HBOT for Nondiabetic Nonhealing Wounds

A 2003 report from the Medical Services Advisory Committee (MSAC) of Australia suggested that among
patients with nondiabetic nonhealing wounds, the treatment costs for a one third reduction in wound
size with HBOT were AUD 6941 (USD 7233) per patient per 30 HBOT sessions (conversion to USD using
rate on September 20, 2012). The cost-effectiveness (we assume a payer perspective) to cure 1 person
of a chronic leg ulcer was AUD 27,764 (USD 28,933). However, the model was sensitive to the
assumptions and therefore we have low confidence in the estimates provided.

Cost-Effectiveness of HBOT for ORN

Three studies investigating the cost-effectiveness of HBOT for the treatment of ORN suggested that
HBOT was cost effective but all were sensitive to the assumptions of the models. A 1997 cost-
effectiveness analysis on the use of HBOT for ORN of the mandible found HBOT to be dominant over the
hypothetical control estimating cost savings of CAD 53,147 (adjusted 2013 USD 62,423). A 2000
Australian report estimated an incremental cost-effectiveness ratio (ICER) of AUD 28,480 (adjusted 2013
USD 28,338) to avoid one case of ORN with the addition of HBOT. Also in 2000, a UK-based analysis on
the use of HBOT to treat ORN following dental extraction in an irradiated field found the estimated cost
per patient per year using HBOT to be GBP 20,000 (adjusted 2013 USD 40,271) versus GBP 5000
(adjusted 2013 USD 10,068) among non-HBOT controls. Sensitivity analysis suggested that the break-
even costs of treating ORN ranged from GBP 17,500 to 127,500 (adjusted 2013 USD 35,237-256,729).

Cost-Effectiveness of HBOT for Burns

A poor-quality 1990 U.S. study comparing HBOT plus standard wound care with standard wound care
alone among 21 patients with 19% to 50% total body surface area burns found that the HBOT group had
an average decrease in the length of hospital stay of 14.8 days compared with controls, a reduction in
surgical procedures of 39% and an average saving per case of $31,600 (adjusted 2013 USD 56,912). This
result conflicts with the efficacy data reported earlier, suggesting that there is insufficient evidence to
support the use of HBOT for the treatment of burns.

Summary and Quality Assessment

HBOT may be cost effective under very specific assumptions of effectiveness and costs. All included cost
analyses found HBOT to be cost effective or cost saving. However, the available economic evaluations
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were severely limited by sparse cost data and unreliable efficacy and cost estimates used to make model
assumptions. Only one model was found to be robust during sensitivity analysis, making most estimates
very unreliable. Overall, there is low-quality evidence to suggest that HBOT may be a cost effective
treatment under certain conditions, for certain populations and indications.

Practice Guidelines

We did not find guidelines on the use of HBOT for the treatment of MS, headaches and migraines, or
brain injury. Refractory osteomyelitis was not the focus of any review but was mentioned in at least one
included guideline. In all, we included 14 generally good-quality guidelines. Two were cross-cutting in
nature covering multiple indications; 2 were specific to the use of HBOT for the management of diabetic
foot ulcers; 4 provided guidelines on the use of HBOT for pressure ulcers; 1 on the management of lower
extremity amputations; 1 on nonhealing ischemic wounds; 1 on ORN; 1 on cerebral palsy; 1 on
sensorineural hearing loss; and 1 systematic review, which provided guidelines for the use of HBOT
among critically ill intubated, mechanically ventilated patients.

e Cross-cutting: Two guidelines (1 good quality, 1 fair quality) were consistent with the evidence
recommending HBOT only in cases of nonhealing wounds where standard care has not worked
and recognizing that the level of evidence pertaining to diabetic wounds is stronger than the
evidence for other nonhealing wounds.

e Diabetic nonhealing wounds: The Wound Healing Society in the U.S. recommended considering
HBOT for diabetic foot ulcers based on moderate evidence (fair quality). In contrast, despite the
guidelines recognition of moderate-level evidence for the use of HBOT for diabetic foot ulcers,
National Institute for Health and Clinical Excellence (NICE) in the UK recommended against the
use of HBOT for inpatients with diabetic foot ulcers unless as part of a clinical trial in a good-
quality guideline.

e Other nonhealing wounds: Consistent with the evidence, 3 of 4 guidelines (3 good quality, 1 fair
quality) recommended against the use of HBOT as adjunct treatment in the management of
pressure ulcers because of insufficient evidence. Despite the lack of supporting evidence, the
Registered Nurses' Association of Ontario recommended that HBOT be considered for the
management of pressure ulcers basing their recommendation on expert opinion and consensus.
Fair-quality guidelines on the management of lower extremity amputations from the Veterans
Administration (VA) and Department of Defense (DOD) are consistent with the evidence,
whereas the Wound, Ostomy and Continence Nurses Society (2008) recommended that HBOT
be considered for lower extremity arterial ulcers for which there is little evidence (fair quality).

® LRTI: The Dutch Head and Neck Oncology Cooperative Group (2007) recommended HBOT for
the treatment of ORN of the mandible (fair quality).

e Cerebral palsy: Also consistent with the evidence, the Canadian agency AETMIS recommended
against the use of HBOT for cerebral palsy (fair quality)

e Sensorineural hearing loss: The most recent good-quality guideline was a 2012 guideline from
the American Academy of Otolaryngology — Head and Neck Surgery recommending the use of
HBOT for the treatment of sensorineural hearing loss among patients presenting within 2
months of onset. The panel felt that the level of evidence for hearing improvement, albeit
modest and imprecise, was sufficient to promote greater awareness of HBOT as an intervention
for SSHL.
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e Critically ill patients: One systematic review examining the use of HBOT for critically ill intubated,
mechanically ventilated patients provided guidelines on the safe use of the technology for that
population and for the personnel involved (poor quality).

Selected Payer Policies

Reimbursement policies among the four agencies examined (CMS, Aetna, Regence BCBS, and Group
Health) reflect the findings of this report. Conditions that have at least moderate-quality evidence
supporting the efficacy and safety of HBOT are covered by most, if not all, agencies. Conditions with
moderate-quality evidence showing no benefit of HBOT are not covered, and agencies are split over
those conditions where the evidence conflicts, is weak, or insufficient. For example, all of the agencies
cover the use of HBOT for the management of diabetic nonhealing wounds, including foot ulcers (using
similar definitions for the category of nonhealing wound), refractory osteomyelitis, ORN, and soft tissue
radionecrosis. Three of four also cover crush injuries, compromised skin grafts, and peripheral arterial
insufficiency. None offer coverage for HBOT as a treatment for headaches/migraine, thermal burns,
brain injury, cerebral palsy, or MS. One group (Aetna) offers coverage for sensorineural hearing loss; one
does not cover compromised skin grafts (Regence BCBS) and one does not cover peripheral arterial
insufficiency (Regence BCBS).

Overall Summary and Discussion

There have been several good-quality systematic reviews published in the last 10 years, some of which
provide moderate-quality evidence of the effectiveness and harms associated with HBOT. However, the
current evidence remains insufficient to definitively answer questions of effectiveness in relation to a
number of indications. Furthermore, there is little evidence on the optimal frequency, duration, and
dose of treatment and little known about which subpopulations are likely to benefit most from
treatment.

Indications for Which There Is Moderate-Quality Evidence of the Effectiveness of HBOT

Moderate-quality evidence supports the addition of HBOT to standard wound care to promote short-
term wound healing and limb salvage among patients with diabetic foot ulcers with continued
improvement at 1 year follow-up. There is insufficient evidence to determine the effect of HBOT on
quality of life (QOL) or other health outcomes. There is also moderate-quality evidence suggesting that
HBOT improves outcomes of LRTI affecting bone and soft tissues. There is no overall estimate of effect
because of the heterogeneity between studies, but the evidence suggests that radiation-induced tissue
and bone damage to the head and neck, anus, and rectum may benefit from HBOT. In addition, there is
moderate-quality evidence that HBOT reduces the risk of developing ORN following tooth extraction in a
previously irradiated area. Moderate-quality evidence also suggests that HBOT reduces the risk of dying
following TBI but does not improve functional outcomes.

Indications for Which There Is Low-Quality Evidence of the Effectiveness of HBOT

Hyperbaric Oxygen Therapy — Final Report Page 32



Health Technology Assessment February 15, 2013

There is limited low-quality evidence suggesting that HBOT may improve healing when employed as an
adjunct treatment for venous ulcers, flaps and grafts, crush injuries, and surgical reconstruction (without
grafts or flaps) but more study is needed to support the current evidence. Low-quality evidence (due to
mixed results) is inconclusive as to whether or not there is a benefit of HBOT for the treatment of
sensorineural hearing loss in the acute phase of the disease. A large systematic review suggests that
HBOT is beneficial among patients who present within 2 weeks of onset; however, there is no evidence
that the statistical benefit observed translates into a functional benefit, and the results from a recent
RCT do not support that finding. Of note, HBOT as an adjunct treatment for refractory osteomyelitis is
only supported by low-quality evidence (primarily because of poor study design), 1 small fair-quality
nonrandomized trial suggests that HBOT may reduce the rates of relapse infection among patients with
refractory osteomyelitis but further good-quality studies are necessary to confirm this finding. In
addition, there is also low-quality evidence suggesting that transcutaneous oxygen measurement
(TCOM) is a good predictor of response to HBOT when measured under hyperbaric conditions, as well as
low-quality evidence suggesting that patients having received a radiation dose > 60 Gy for the treatment
of head and neck cancer and requiring extraction of mandibular teeth within the radiated field may
benefit from HBOT. Finally, low-quality evidence suggests that 40- to 45-minutes of HBOT is effective in
significantly relieving an acute migraine attack but there is no evidence that HBOT can prevent
migraines, reduce the nausea and vomiting associated with migraines, or reduces the need for rescue
medication.

Indications for Which There Is Moderate-Quality Evidence of No Effectiveness of HBOT

Moderate-quality evidence suggests little benefit of HBOT for the treatment of MS. Of note, is that there
were no RCTs found on this topic post 1990 and there appears to be little interest in further
investigation into the use of HBOT for multiple MS.

Indications for Which There Is Low-Quality Evidence of No Effectiveness of HBOT

Low-quality evidence suggests no benefit of HBOT for preventing, relieving, or terminating cluster
headaches. There is also no evidence that HBOT is beneficial among patients presenting with chronic
sensorineural hearing loss.

Indications for Which There Is Insufficient Evidence to Assess Effectiveness

There is insufficient evidence, primarily due to mixed results or an overall paucity of studies, to

determine if HBOT is effective for the treatment of thermal burns, cerebral palsy, or brain injuries other
than TBI.

Cost-Effectiveness

The available cost analyses are limited by sparse cost data and a wide range of efficacy estimates. Under
the base case model assumptions employed in the included cost analyses, there is a low quality of
evidence to suggest that HBOT may be cost effective or cost saving for the treatment of diabetic
nonhealing wounds and the prevention of ORN. The base case assumptions and sensitivity parameters
used as estimates for HBOT effectiveness were in line with the estimates found in this report and found
to be of moderate quality. The results demonstrated cost-effectiveness under base case assumption but
proved not to be robust when a range of parameters were examined during sensitivity analyses. Cost
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analyses for the use of HBOT for nondiabetic nonhealing wounds and burns, also found HBOT to be cost
effective under base case assumption but once again were very sensitive to the range of effectiveness
parameters employed during sensitivity analyses, suggesting the models were not robust and therefore
unreliable. In addition, we found the evidence supporting the use of HBOT for nondiabetic nonhealing
wounds and burns to be of low and insufficient quality, respectively, indicating the need for further
caution in interpreting the cost analyses for these indications. Overall, there is a low quality of evidence
to suggest that HBOT may be a cost-effective treatment under certain conditions and for certain
populations and indications, but current data are insufficient to determine the most cost-effective uses
of the technology.

Harms

There is moderate-quality evidence from across studies that harms associated with HBOT are usually
mild, self-limiting, and with most resolving after the termination of treatment. The most common harms
include myopia, barotrauma, claustrophobia, and oxygen toxicity. Life-threatening adverse events are
rare but do occur on occasion and can include seizures and death. There is some evidence but of
unknown quality that comorbidities such as lung disease, previous ear surgery or trauma, significant
upper respiratory infections, fever, claustrophobia, preexisting cataracts, optic neuritis, and pregnancy
are contraindications for HBOT.

Key Gaps in the Evidence

e Future work needs to focus on designing methodologically rigorous studies, adequately
powered, free from the risk of publication bias and generalizable to the population of patients
under review.

o To determine definitive patient selection criteria, future studies need to specifically address the
question of frequency, duration, and dose of treatment as well as the question of differential
effectiveness across each indication and for a variety of subpopulations.

e Robust models arising from more reliable cost and effectiveness data are necessary to
determine the true cost-effectiveness of HBOT for the various indications.
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BACKGROUND

Hyperbaric oxygen therapy (HBOT) involves the systemic administration of 100% oxygen inside a
treatment chamber under pressures greater than 1 atmosphere absolute (ATA). The potential benefits
of HBOT arise from a combination of increased hydrostatic pressure and tissue oxygen tension. In the
hyperbaric oxygen (HBO) chamber, the elevated concentration and pressure of oxygen increase the
plasma oxygen concentration by 10 to 15 times, increasing oxygen delivery to the tissues. In single-
patient HBO chambers, all of the air is replaced with pure oxygen gas, and direct diffusion of oxygen into
open wounds may enhance tissue oxygenation. HBO may also be administered in a multiplace chamber
in which patients breathe 100% oxygen through a facemask or similar device with the surrounding air
pressure increased to 2 to 3 times the atmospheric pressure. In either case, hyperoxygenation directly
supports tissues that are poorly perfused due to compromised blood flow. Although the
hyperoxygenation is temporary, tissue viability may be sustained, enhancing the efficacy of other
therapies or enabling a new blood supply to be established. In addition, intermittent hyperoxia may
promote osteogenesis and enhance normal fibroblast proliferation, epithelialization, and collagen
synthesis in areas of compromised blood flow. Another apparent benefit of HBOT is that it causes
peripheral vasoconstriction through arteriolar smooth muscle stimulation (Schaefer, 1992; Roth and
Weiss, 1994; Tomaszewski and Thom, 1994; Uzun et al., 2008).

HBOT has been available for decades and has been advocated as a treatment for many indications over
the years. At one point in the late 1960s to early 1970s, HBOT was being used to treat as many as 28
conditions, although there was little evidence of efficacy for many of these conditions (De Laet et al.,
2008). In more recent years, there has been increased scrutiny of HBOT for a wide variety of conditions;
however, questions still remain about the efficacy of HBOT for some of these conditions, including
diabetic nonhealing wounds, including foot ulcers; other nonhealing wounds, including skin and tissue
grafts, thermal burns, and surgical wounds; refractory osteomyelitis; late radiation tissue injury (LRTI);
brain injury; cerebral palsy; headache/migraine; multiple sclerosis; and sensorineural hearing loss.

Potential Indications for HBOT
Diabetic Wounds

Foot wounds are one of the most common complications of diabetes and are responsible for substantial
morbidity and mortality. Diabetes mellitus affects approximately 23.6 million individuals in the United
States, or 8% of the adult population (ADA, 2011). It is estimated that 50% of all nontraumatic lower
extremity amputations performed in the United States are due to diabetes, with an annual incidence
ranging from 37 to 137 per 10,000 patients. At any given time, lower extremity ulcers affect
approximately 1 million diabetics. These lesions often develop due to sensorimotor and autonomic
neuropathies and associated lack of sensation within the diabetic foot that lead to alterations in
pressure distribution, foot deformities, and ulceration. In patients with mild lesions uncomplicated by
ischemia, conservative treatments such as topical antibiotics, sterile dressings, and unweighting may be
sufficient. More severe lesions develop when focal hypoxia in the ankle, foot, or toes occurs as a result
of increased blood viscosity, increased platelet aggregation, and capillary obstruction. In diabetic
patients, local tissue stresses tend to result in thrombosis and necrosis rather than the more benign
inflammatory response that occurs in nondiabetic patients. Once a diabetic foot wound has become
chronic, it may be complicated by gas gangrene, which occurs as a result of wound infection by bacterial
species such as Clostridium perfringens. Under anaerobic conditions, C. perfringens produces toxins that
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cause tissue necrosis, hemolysis, ischemia, vasoconstriction, and increased vascular permeability. For
the diabetic foot wound, HBOT is used along with traditional systemic and topical therapies to promote
wound healing. It is purported to combat anaerobic infection, improve blood supply, and reduce
ischemic nerve damage (Doctor et al., 1992; Williams, 1997; O’Meara et al., 2000; Kranke et al., 2004).

Other Nonhealing Wounds

A chronic wound may be defined as: “any wound that is failing to heal as anticipated or that has been
stuck in any one phase of wound healing for a period of six weeks or more” (Collier, 2003, p. 45).

Chronic and Surgical Wounds: Chronic wounds other than those related to diabetes include those
caused by venous insufficiency, pressure, trauma, other vascular disease, and immobilization. Although
the causes for chronic wounds vary, in all cases, at least one of the phases of wound healing is
compromised (Mustoe, 2004). Surgical wounds present a medical problem if they are large in size,
especially if bones and tendons are exposed, and, therefore are not amenable to primary closure.
Proponents of HBOT assert that it provides added benefit to a multidisciplinary approach of
debridement, antibiotics, and in some cases, amputation, in patients with demonstrated wound healing
deficiencies. HBO-induced hyperoxygenation may restore a favorable cellular environment in which
healing and host microbial mechanisms are enhanced. In theory, HBO facilitates collagen release from
cells and its subsequent assembly into fibers. In turn, the presence of new collagen fibers creates the
proper milieu for the formation of new vasculature. By increasing the oxygen tension in hypoxic wounds,
HBOT restores the level of oxygenation required for compromised tissue to function efficiently
(Williams, 1997).

Thermal Burns: Approximately 2 million people in the United States suffer burns each year. Thermal
burns are the third largest cause of accidental death, with 300,000 serious burns and 6000 fatalities
occurring annually. HBO thermal burn therapy is directed at enhancing host defenses, preserving
marginally viable tissue, protecting the microvasculature, augmenting neovascularization, and
promoting wound closure. Traditional burn care management has similar goals, and incorporates fluid
resuscitation, antibiotics, grafting, surgical debridement, and topical ointments. According to some
researchers, HBO reduces fluid requirements by approximately 35% in the first 24 hours after a burn,
thus minimizing edema. HBOT, used as an adjunct to a comprehensive program of burn care, may also
have a direct effect on the pathophysiology of the burn wound (Hart et al., 1974; Kindwall, 1993; Cianci
and Sato, 1994).

Skin Grafts and Flaps: HBOT may be beneficial as a means of preparing a base for skin grafts and flaps or
preserving compromised grafts and flaps. The goal of postoperative HBOT is the improvement of oxygen
delivery to the compromised tissue, with a concomitant improvement in flap and graft viability.
Hyperoxygenation provides direct support to tissue that is perfused poorly due to compromised blood
flow. HBOT also reduces capillary permeability and edema in compromised tissue. In addition, HBOT
may facilitate increased fibroblast migration, collagen synthesis, and capillary angiogenesis, all of which
lead to the rapid development of a granulating base and capillary invasion of the graft bed. One further
apparent benefit of HBOT is that it reduces white cell adhesion to capillary walls after ischemic or
traumatic insult, mitigating the no-reflow phenomenon and increasing red blood cell flexibility. When
used in combination with wound dressing, debridement, and antibiotics, HBOT may improve healing in
compromised skin grafts and flaps (Bowersox et al., 1986; Kindwall, 1993).
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Refractory Osteomyelitis

In the United States, the reported incidence of osteomyelitis is 2 per 10,000 individuals. When bacterial
or fungal infection causes pus to form within the bone, the resulting abscesses deprive the bone of its
blood supply. Chronic osteomyelitis develops subsequently as ischemia causes bone tissue necrosis.
HBOT may prove beneficial when used in conjunction with a standard protocol of parenteral antibiotics,
surgical debridement, nutritional support, and reconstructive surgery. The increased oxygen tension
experienced during HBOT has a direct antimicrobial effect on anaerobic organisms and some
microaerophilic aerobic organisms. Increased oxygen tension also leads to the generation of oxygen
radicals, which are lethal or bacteriostatic for anaerobic organisms. Research further suggests that HBO
augments the bactericidal action of aminoglycoside antibiotics. In addition, as an adjunct to
conventional therapies, HBOT may supply enough oxygen to promote collagen synthesis and
angiogenesis in patients with hypoxic osteomyelitic wounds (Leach et al., 1998; Whelan and Kindwall,
1998).

Late Radiation Tissue Injury (LRTI)

More than 1.4 million Americans are diagnosed with cancer each year, and approximately half of these
patients receive radiation therapy as part of their management. The side effects of radiation therapy can
be very toxic, and radiation oncologists design their treatment protocols to give the optimal dose to
control the tumor while minimizing the side effects of radiation exposure. Radiation side effects can be
categorized as either acute or delayed (chronic) complications; the latter may develop months or years
after radiation treatment and collectively are known as LRTI or late radiation side effects. Late radiation
damage is primarily vascular and stromal (connective tissue). The process may progress to the point
where normal tissue no longer receives an adequate blood supply, resulting in death or necrosis of the
tissue that might necessitate surgical removal. Although any tissue may be affected, LRTI occurs most
commonly in the head and neck, chest wall, breast, and pelvis, reflecting the anatomical areas most
commonly irradiated. Chronic radiation damage is called osteoradionecrosis (ORN) when bone is
damaged and soft tissue radionecrosis when muscle, skin, or internal organs have been damaged.
Clinically, ORN presents as exposed irradiated bone that has failed to heal over a period of 3 months
(some literature defines it as at least 6 months), unrelated to tumor recurrence. ORN commonly affects
the mandible; however, it may also affect other bones, such as the sternum, skull, or pelvis (Gal et al.,
2003; Bui et al., 2004; Feldmeier, 2004; Bennett et al., 2005; Teng and Futran, 2005; Wahl, 2006;
Esposito et al., 2008; ACS, 2012; UHMS, 2012). Because a consistent cause and manifestation of
radiation injury is vascular obliteration and stromal fibrosis, the known impact of hyperbaric oxygen in
stimulating angiogenesis is an obvious and important mechanism whereby hyperbaric oxygen is thought
to be effective in radiation injury.

Brain Injury

Traumatic brain injury (TBI) is defined as an injury to the brain by externally inflicted trauma, which may
result in significant physical, cognitive, and psychosocial impairment. In the United States, an estimated
1.7 million TBI events occur each year. TBI accounts for more than 1.3 million emergency room visits,
approximately 275,000 hospitalizations, and 52,000 deaths annually. The estimated annual direct and
indirect cost is approximately $60 billion. (Faul et al., 2010; CDC, 2012). Despite more than 40 years of
interest in the use of HBOT for TBI, the evidence of effectiveness has not been convincing (Bennett et
al., 2009). Other brain injuries are caused by rapid acceleration or deceleration of the head;
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nontraumatic bleeding within or around the brain; lack of sufficient oxygen to the brain; or toxic
substances passing through the blood-brain barrier. A brain injury results in a temporary or permanent
impairment of cognitive, emotional, and/or physical functioning (McDonagh et al., 2003). The use of
HBOT for chronic brain injury is based on the theory that, in any brain injury, there are inactive cells that
have the potential to recover. According to this theory, these “idling neurons” exist in the ischemic
penumbra, a transition area of dormant neurons between areas of dead tissue and the unaffected
healthy tissue. The theory is that oxygen availability to these cells stimulates the cells to function
normally, reactivating them metabolically or electrically (McDonagh et al., 2003).

Cerebral Palsy

Cerebral palsy is a neuromuscular disorder that arises in children due to damage of the developing
brain. This disorder occurs in 0.1% to 0.5% of live births and is characterized by impairments of muscle
control, senses, and perception. Cerebral palsy can develop before, during, or after birth and has many
potential causes, including infection, brain hemorrhage, low blood sugar, high levels of bilirubin,
drowning, and insufficient blood flow to the brain. Potential symptoms of this disorder include paralysis,
weakness, poor coordination, or functional alteration of the motor system, which can result in a number
of movement disorders. The specific symptoms vary, depending on the part of the brain that is
damaged. There is no known cure for cerebral palsy; the usefulness of HBOT for the treatment of
cerebral palsy relates to the possibility of restoring function in portions of the brain that have suffered
damage due to lack of oxygenation or other trauma (Hayes, Inc., 2010).

Headache/Migraine

Headache is a common neurological condition characterized by aching or pain that occurs in one or
more areas of the head, face, mouth, or neck. The frequency of headaches varies widely from person to
person. Headaches may be episodic and occur occasionally or they may be chronic and recur regularly.
More than 45 million individuals in the United States suffer from chronic, recurring headaches.
Approximately 90% of headaches are primary headaches, which do not arise from an underlying medical
condition (NHF, 2012). Cluster headaches are quite rare and occur in only 0.1% of the population; 85%
of patients suffering cluster headaches are men. Migraine headache affects more than 28 million
individuals in the United States and more than 300 million individuals worldwide (Larson et al., 2011). It
has been estimated that 6% of men and 18% of women are affected by migraine headache in the United
States (Guyuron et al., 2011; Kung et al., 2011). Many authorities consider both migraine and cluster
headaches to be vascular headaches, perhaps related to vascular dilatation. The observation that
oxygen administered at higher pressures produced even further vasoconstriction (with preservation of
tissue oxygenation) led directly to the suggestion that HBOT might favorably influence vascular
headache resistant to conventional drug therapy (Fife et al., 1994).

Multiple Sclerosis

Multiple sclerosis (MS) is a demyelinating disease of the central nervous system (CNS) that afflicts an
estimated 400,000 individuals in the United States and more than 2.5 million worldwide (NMSS, 2012).
Although the pathogenesis of MS is not completely understood, it is believed that this disorder involves
an autoimmune response mediated by T lymphocytes and autoantibodies that react with myelin
proteins (Windhagen et al., 1995). Symptoms associated with MS include fatigue, double or blurred
vision, partial or complete vision loss often with optic neuritis, loss of balance and muscle strength,
slurred speech, tremors, dizziness, numbness, pain, stiffness, bowel and bladder problems, short-term
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memory loss, depression, and, in severe cases, partial or complete paralysis. The onset of symptoms
usually occurs between the ages of 20 and 50, and women are affected more commonly than men (MSF,
2009; Mayo Clinic, 2010; NMSS, 2012). The use of HBOT as a treatment for MS was originally based on
the demonstrated ability of HBOT to produce vasoconstriction with increased oxygen delivery and some
anecdotal evidence of efficacy. For several years, there was a flurry of investigation into its effectiveness
for the treatment of MS, which produced a number of randomized studies in the UK, U.S., and Europe
(Bennett and Heard, 2011).

Sensorineural Hearing Loss

Sudden sensorineural hearing loss (SSHL), or sudden deafness, is a rapid loss of hearing with onset over
a period of > 72 hours. It is associated with ringing in the ears (tinnitus), dizziness, and a feeling of
fullness or pressure in the ear. The estimated incidence of SSHL is between 5 and 20 per 100,000
persons per year but may be as high as 300 per 100,000 persons per year. The true incidence of SSHL is
likely underestimated, since many who recover quickly never seek medical attention. There are multiple
causes of SSHL, which include viral infection, vascular impairment, autoimmune disease, and diseases of
the inner ear. The suspected causes of SSHL are unknown in > 70% of cases and a direct causal link for
SSHL has not yet been established. HBOT has been proposed for the treatment of SSHL, the rationale
being that the hearing loss appears to be caused by a hypoxic event in the cochlear apparatus;
therefore, HBOT may potentially reverse the oxygen deficit, increase oxygen pressures in the cochlea,
and improve microcirculation. Proving the effectiveness of HBOT for SSHL is complicated given the fact
that up to two thirds of SSHL cases resolve spontaneously (Mattox and Simmons, 1977).

Autism

While not under investigation for the current report, there is growing interest in the use of HBOT for the
management of autism spectrum disorders. The goal of the therapy is to improve behavioral symptoms
of autistic disorder by increasing oxygenation of the brain. Despite the interest, there is a paucity of
studies available on the topic, and a 2009 Health Technology Assessment (HTA) by Hayes found
insufficient evidence to recommend the use of HBOT for autism (Hayes, Inc., 2009a).

Policy Context

For HBOT, important questions center on the effectiveness of treatment for some conditions, as well as
the frequency, dose, and duration of treatment. The list of applications for HBOT has expanded beyond
those approved by the Food and Drug Administration (FDA) or currently covered by the Centers for
Medicare & Medicaid Services (CMS) and Washington State Health Care Authority (HCA) claims reflect
the expanded use of HBOT.
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WASHINGTON STATE AGENCY UTILIZATION DATA
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Figure 1: Hyperbaric Oxygen (HBOT) Paid Amounts by Agency and Year, 2008-2011

2011

4Yr

_ Overall”

Avg%

Change

Average Minutes

2,273

1,751

1,183

2,920

2,287

Agency Population 204,804 210,501 213,487 212,596 1.3%

Patient Count 28 34 32 40 118 12.2%

Amount Paid $308,659 $648,082 $363,546 $609,940 | $1,930,227 42.7%
Per Patient Average Paid S$11,024 $19,061 $11,361  S15,249 $16,358
Median Paid $5,771  $15,614 $5,292 $4,449 $5,857
Maximum Paid $46,199 $71,141 $52,747 $100,132 $100,132

Treatment Day Count® 575 1032 822 1037 3466 26.6%
Per Patient: Average Treatments 20.5 304 25.7 25.9 294
Average Minutes 1,729 1,973 2,477 1,410 2,128

o 4 Yr Avg %

Medicaid 2008 2009 2010 2011 overall? Change

Agency Population 392,808 416,817 424,230 435,187 3.5%

Patient Count 32 35 51 56 156 17.8%

Amount Paid $212,078 $180,452 $178,810 $244,877 $816,217 -9.8%
Per Patient Average Paid $6,627 $5,156 $3,506 $4,373 $5,232
Median Paid $3,674 $2,530 $2037 $2573 $3654
Maximum Paid $22,480 $28,010 $18,842 $28,072 $28,072

Treatment Day Count® 683 631 774 1474 3562 28.1%
Per Patient: Average Treatments 23.6 22.5 17.6 26.8 23.0

4 Yr Avg %
L&I 2008 2009 2010 2011 Overall? Change
Agency Population
(Total Claims/Yr) 147,445 125611 122,712 121,043 -6.2%%
Patient Count 31 6 7 9 53 14.0%
Amount Paid $138,861  $97,362 $105,738  $162,937 $504,897 | 16.6%
Per Patient Average Paid $4,479 $16,227 $15,105 $18,104 $9,526
Median Paid $865 $5,351 $7,827 $19,502 $1,638
Maximum Paid $43,184  $52,376  $46,358  $37,378 $52,376
Treatment Day Count® 224 154 227 460 1,065 45.7%
Per Patient: Average Treatments 7.2 25.7 324 51.1 20.1
Average Minutes 217 770 973 1,533 602

*Adjusted for population growth
1 PEB: Public Employee Benefits

2 4-Yr overall patient counts represent unique patients in 4 years. May be less than sum of annual counts.
* Each day of treatment for each patient
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Figure 2a: PEB Hyperbaric Oxygen Use by Age and Gender, 2008-2011

PEB HBOT Patients
by Age & Gender, 2008-2011

60

50
€ 40
: I
Z 30
E 20

10

] e

0 18-34 35-49 50-64 65-79 80+

H Male 0 30 23 5
Female 2 21 18 5
Age Group

Figure 2b: Medicaid Hyperbaric Oxygen Use by Age and Gender, 2008-2011
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Figure 2c: L&l Hyperbaric Oxygen Use by Age and Gender, 2008-2011
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Figure 3: HBOT Treatment Course Allowed Amounts

PEB Primary PEB

Average Charges Per Patient (No Medicare) Medicare

Medicaid

Facility vs. Professional Charges
Professional Services $9,382 $6,649

Facility $18,328 $40,125
Average Allowed Amount Patient $27,710 $46,774

Hyperbaric Oxygen Therapy — Final Report Page 42



Health Technology Assessment February 15, 2013

Figure 4a: PEB HBOT Allowed Amount by Diagnosis Type, 2008-2011

PEB HBOT Allowed Amounts by Diagnosis Type
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W Diabetic wound $141,619 $210,889 $453,375 $152,174

“Other” category includes hearing, brain disorders, and carbon monoxide/Caisson disease
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Figure 4b: PEB Hyperbaric Oxygen Patient Count by Diagnosis Type, 2008-2011

PEB HBOT Patient Counts by Diagnosis Type
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Figure 4c: Medicaid Hyperbaric Oxygen Allowed Amount by Diagnosis Type, 2008-2011

Medicaid HBOT Allowed Amount by Diagnosis Type
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“Other” category includes neuropathy, carbon monoxide/toxic fumes, skin disorders and

infection.
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Figure 4d: Medicaid Hyperbaric Oxygen Patient Counts by Diagnosis Type, 2008-2011

Medicaid HBOT Patient Count by Diagnosis Type

70
60
£ 50
3 40 -—-:
o
5 30 — —  —
g 20— —
10
0
2008 2009 2010 2011
Wound 0 1 6 8
M Radiation 10 2 11 12
Other 3 4 3 2
Osteomyelitis 3 4 6 5
B Jaw Necrosis 2 1 3
Graft 2 5 6
H Diabetic Wound 11 18 16 18
m Circulation 1 2 2 4

Hyperbaric Oxygen Therapy — Final Report

Page 46




Health Technology Assessment

February 15, 2013

Figure 4e: L&l Hyperbaric Oxygen Allowed Amounts by Diagnosis Type, 2008-2011

L&I HBOT Allowed Amount
by Diagnosis Type, 2008-2011
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“Other” category includes brain damage, osteomyelitis and pain.
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Figure 4f: L&l Hyperbaric Oxygen Patient Counts by Diagnosis Type, 2008-2011

L&l HBOT Patient Counts
by Diagnosis Type, 2008-2011
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Figure 5a: PEB HBOT Treatment Courses by Select Diagnosis Categories

_ Avg. Treatment Treatment Std. Dev. of Avg. Treatment Tre_atment Std. Dev. of
Treatment Category Patients Davs/Patient Days Treatment Minutes/ Patient Minutes Tre_atment
ys/Pa
(Range) Days (Range) Minutes
Radiation 47 32.7 3-101 20.1 2,587 90 - 12,030 2,342
Diabetic wound 26 39.6 3-78 18.9 2,520 90 - 8,760 2,108
Graft 18 21.3 1-61 18.7 1,290 30 — 3,600 1,317
Jaw necrosis 6 29.2 15-53 15.0 2,770 450 - 4,620 1,506
Osteomyelitis 4 37.3 14 - 62 19.8 2,115 510 - 5,370 2,202
Wound 4 19.3 2-40 17.1 2,168 60— 4,710 2,356
Overall 118 29.4 1-101 20.4 2,128 30-12,030 2,084
Figure 5b: Medicaid HBOT Treatment Courses by Select Diagnosis Categories
Treatment Treatment Avg. Treatment UMESHmETE 2. [DEY, oF Avg. Treatment Trgatment =gl (e, o
Category Courses* Days/Patient DEVE WAL Minutes/Patient SIS UGEEIMIENL
(Range) Days (Range) Minutes
Diabetic Wound 55 27.9 1-93 22.2 2,629 30 -8,760 2,321
Radiation 38 23.3 1-61 17.8 2,336 30 -7,020 2,178
Osteomyelitis 16 22.7 2-63 18.1 2,142 60 — 7,380 2,302
Graft 15 19.7 1-68 23.5 1,544 30 -7,500 2,113
Wound 15 12.6 1-43 13.8 1,213 30 -4,830 1,478
Circulation 8 25.0 1-53 20.6 2,008 30 - 6,000 1,980
Jaw Necrosis 7 24.3 1-47 17.2 2,904 30 — 5,880 2,242
Overall 173 22.8 1-93 20.3 2,105* 30 - 8760 2,196

*15 Medicaid patients had 2 or more treatment courses within the 4 years, some for varying diagnoses. The analysis by treatment
course resulted in a lower average treatment days and minutes than shown in Figure 1 (per patient versus per treatment course).

Hyperbaric Oxygen Therapy — Final Report

Page 49




Health Technology Assessment

February 15, 2013

Figure 5c: L&I HBOT Treatment Courses by Select Diagnosis Categories
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Related Medical Codes

Procedure

Code Description
99183 Hyperbaric Oxygen Therapy CPT
C1300 Hyperbaric Oxygen HCPCS
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TECHNOLOGY DESCRIPTION

Hyperbaric oxygen therapy (HBOT) involves the therapeutic administration of 100% oxygen at
environmental pressures greater than 1 atmosphere absolute (ATA), the atmospheric pressure at sea
level. Administering oxygen at pressures greater than 1 ATA requires compression. This is achieved by
placing the patient in an airtight chamber, increasing pressure inside the chamber, and administering
100% oxygen for respiration, which delivers a greatly increased pressure of oxygen to the lungs, blood,
and tissues. Often, these treatments involve pressurization from 2.0 to 2.5 ATA for periods of 60 to 120
minutes once or twice daily for a total of 30 to 60 treatment sessions. There are 2 types of chambers
used for administering HBOT: a monoplace chamber for a single patient; or a multiplace chamber used
for multiple patients and medical personnel. In a multiplace hyperbaric oxygen (HBO) chamber, patients
inhale the pressurized oxygen through a hood or mask, as opposed to inhaling it directly, as is the case in
an oxygen-filled monoplace chamber.

No standard protocol has been identified for HBOT sessions. Regardless of the type of chamber used,
the interval between sessions and the total number of treatments varies according to the severity of the
condition and physician preference. Treatment may begin with 1 to 3 treatments per day forup to 1
week and may continue daily for several days to several months. For each treatment, the pressure in the
chamber is increased slowly and then held constant for 30 minutes to several hours. An air break is
given during treatment sessions, during which the patient breathes atmospheric air at the elevated
chamber pressure to decrease the risk of an oxygen toxicity seizure or other side effects. At the end of
the treatment session, the chamber pressure is decreased gradually to ambient atmospheric pressure
since a rapid decrease could cause decompression sickness and severe inner ear damage (Schaefer,
1992; Tomaszewski and Thom, 1994; Whelan and Kindwall, 1998; Vahidova et al., 2006).
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REVIEW OBIJECTIVES

The scope of this report is defined by the following PICO statement:

Populations: Adults and children with the following indications for HBOT:

Diabetic nonhealing wounds, including foot ulcers.

Other nonhealing wounds, including skin and tissue grafts, thermal burns, and surgical

wounds.

Refractory osteomyelitis.

Late radiation tissue injury (LRTI).

Brain injury (including TBI and other brain injuries but excluding stroke)
Cerebral palsy.

Headache/migraine.

Multiple sclerosis (MS).

Sensorineural hearing loss.

Intervention: Hyperbaric oxygen therapy delivered via a hyperbaric oxygen chamber

Comparators: Standard treatment alone, a competing alternative, or sham treatments

Outcomes: Patient-centered outcomes, including:

Incidence of healing

Time to healing

Secondary wound closure

Infection rates

Wound recurrence

Pain

Disease-specific patient-centered health outcomes
Mortality

Depression

The following key questions will be addressed:

1. Is HBOT effective in improving patient-centered outcomes for individuals with the following
conditions:
Diabetic nonhealing wounds, including foot ulcers.

Other nonhealing wounds, including skin and tissue grafts, thermal burns and surgical

wounds.

Refractory osteomyelitis.

Late radiation tissue injury (LRTI).
Brain injury.

Cerebral palsy.
Headache/migraine.

Multiple sclerosis (MS).
Sensorineural hearing loss.

1la. What is the optimal frequency, dose, and duration of HBOT treatment?
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2. What harms are associated with HBOT?

3. What is the differential effectiveness and safety of HBOT according to factors such as age, sex,
race or ethnicity, disability, comorbidities, wound or injury duration and severity, and treatment
setting?

4. What are the cost implications of HBOT, including the cost-effectiveness compared with
alternative treatments?
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METHODS

Search Strategy for Systematic Reviews and Health Technology Assessments

During the period of topic scoping and key question refinement, we determined that the volume of
available literature on hyperbaric oxygen therapy (HBOT) was too great for a detailed analysis of all
relevant primary data for each indication under investigation. Consequently, we conducted a systematic
search for systematic reviews and health technology assessments (HTAs) to answer each key question
and manually searched each included review for additional relevant studies. Appendix | outlines the
search strings employed. In addition, we systematically searched for primary data published subsequent
to the selected systematic reviews for each indication and searched for all harms studies published over
the last 10 years. We began with a search of the MEDLINE, Cochrane, York University Center for Reviews
and Dissemination (CRD), and Embase databases on June 20, 2012. We used the MeSH term for
hyperbaric oxygen in PubMed, and “hyperbaric oxygen” as a text word in the Cochrane, CRD, and
Embase databases. PubMed and Embase results were filtered using the systematic reviews, meta-
analyses, reviews, and practice guidelines filter in PubMed and the “best balance between sensitivity
and specificity reviews” filter in Embase. The results were also limited to human studies in the English
language published from 2002 to June 2012. Despite these filters, the Embase search yielded more than
1300 reviews. Upon scanning a random selection of the Embase results, it became obvious that the yield
of additional relevant systematic reviews would be very small and that all relevant systematic reviews
could be obtained through a combination of PubMed, Cochrane, CRD, and by manually searching
relevant articles. The Embase results were therefore restricted by searching the results using a selection
of key terms for each indication under investigation.

An update search was conducted on November 8, 2012. The MEDLINE and Embase databases were
searched for RCTs and meta-analyses published since June 2012.

Selection of Systematic Reviews and HTAs

Title and abstracts from the combined searches were reviewed for relevance according to the
predefined inclusion and exclusion criteria outlined below. Subsequently, the full texts of each included
study were retrieved and reviewed using the same inclusion and exclusion criteria. Relevant data from
the selected systematic reviews and HTAs were abstracted into evidence tables for inclusion in the
report (Appendixes Ill and V). A summary of exclusion reasons is provided in Figure 1 in the findings
section.

Inclusion criteria: These include English-language systematic reviews or HTAs published between 2002
and 2012, investigating the effectiveness, safety, cost, or guidelines associated with HBOT for the
indications under investigation.

Exclusion criteria: The following criteria were used to exclude studies not relevant to the report:

Study not a systematic review or HTA:

Wrong population

Wrong intervention

Wrong outcome

Later systematic review exists from the same author or group

vk wnN e
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Represents a paper publication from an already included systematic review
Systematic review covered more adequately by another review

A guideline not of interest to the report

Wrong study design from the supplemental primary data search

oo No

Search Strategy and Selection of Primary Data and Harms Studies

Following identification and selection of systematic reviews and HTAs, we undertook a targeted search
of MEDLINE for relevant primary data studies published subsequent to the review(s) selected for each
indication. We limited the search to human clinical trials published in the English language. At the same
time, we conducted a search of MEDLINE for harms-specific HBOT studies published in the last 10 years.
We did not limit the harms data search by study design. As before, title, abstracts, and full texts were
reviewed using the relevant inclusion and exclusion criteria described above and data were abstracted
into evidence tables for inclusion in the report.

Search Strategy and Selection of Guidelines/HBOT Coverage Policies

In addition to guidelines found through the database and manual searches outlined above, we also
searched the National Guidelines Clearinghouse. Guidelines were not abstracted into evidence tables
but rather summarized descriptively in the report. At the direction of Washington State HCA, we
searched the CMS, Aetna, Regence BCBS, and Group Health websites for coverage policies relevant to
this report. Relevant coverage policies were summarized in the report.

Other Searches

The Hayes Knowledge Center was searched for reports on HBOT. Relevant reports were used as
background, for identifying relevant primary data studies not included in the selected published
systematic reviews and as a source of harms data. The Hayes reports were not abstracted into evidence
tables; pertinent data were included under the relevant sections of the report.

Quality Assessment

We conducted quality assessments throughout the process. We rated the quality of each systematic
review using the Assessment of Multiple Systematic Reviews (AMSTAR) tool (Shea et al., 2007). This
quality assessment for systematic reviews was particularly important for those reviews that carried out
pooled data analysis. However, we also found value in quality rating the systematic reviews that did not
conduct meta-analyses because the quality rating provided guidance on how confident we could be of
the quality assessment for individual studies conducted by the review authors. Poor-quality systematic
reviews were included because, although the methodological rigor of the systematic review was poor,
many reviews included fair and good-quality individual studies useful to the report. We rated the quality
of individual studies using Hayes criteria (see Appendix Il). We did not rate the full-text versions of each
primary data study, rather, we judged the effectiveness of the quality assessment tool employed in each
systematic review and applied the Hayes checklist for quality to confirm the quality rating provided by
the author. In cases where we deemed it necessary to change a quality rating, we retrieved the full-text
version to confirm our decision. We then graded the overall quality of the evidence by indication
according to risk of bias (individual study quality); consistency of results across studies; precision (the
degree of certainty around the effect estimate), and applicability/directness of the evidence to the
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populations, interventions, comparators, health outcomes, and, if specified, settings of interest; and
guantity of data (humber of studies and sample sizes). In addition, we rated the quality of the clinical
guidelines using the Appraisal of Guidelines Research and Evaluation (AGREE) tool (AGREE Enterprise,
2009).

Appendix Il describes the steps involved in the quality assessment process. Hayes uses internally
developed Quality Checklists for individual studies, which address study design, integrity of execution,
completeness of reporting, and the appropriateness of the data analysis approach. Individual studies
were rated as good, fair, poor, or very poor. The quality of a body of evidence for a particular outcome
or indication was graded as high, moderate, low, or very low, which can be defined as follows:

High: Suggests that we can have high confidence that the evidence found is reliable, reflecting
the true effect, and is very unlikely to change with the publication of future studies

Moderate: Suggests that we can have reasonable confidence that the results represent the true
direction of effect but that the effect estimate might well change with the publication of new
studies

Low: We have very little confidence in the results obtained, which often occurs when the quality
of the studies is poor, the results are mixed, and/or there are few available studies. Future
studies are likely to change the estimates and possibly the direction of the results.

Very low: Suggests no confidence in any result found, which often occurs when there is a
paucity of data or the data is such that we cannot make a statement on the findings.
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LITERATURE REVIEW

Search Results

Figure 1 details the systematic identification and selection of materials included in this report. We found
21 systematic reviews meeting predefined inclusion criteria. Also included are 4 harms-specific primary
data studies and 5 primary data studies covering a range of indications of interest and identified through
a search for studies published subsequent to the included systematic reviews. The 31 total included
studies cover 156 primary data studies. Several reviews were cross-cutting in nature, covering more
than one indication or key question (KQ). Figure 1 also provides details of studies and reviews that were
excluded from the report.

Additional search result details are presented in the discussion of findings for each key question. In
addition, Appendixes lll to V present detailed tables of study characteristics and results.

Figure 1. Systematic |dentification and Selection of Evidence

Systematic Reviews (SR) & HTAs identified
§16
{Limits: Humans, English language, last 10 yre)

Excluded (n=464) Primary Data Includes
® Mot a SRIHTA: 161 (Medline limits: English language, humans,
# Wrong population: 193 dinical tnals, published since last included
# Wrong intervention: 35 systernatic review or harms-specifiic study
» Wrong outcome: 20 1 inlast 10 yrs)

» Later SR exists from the same

authar/group: 13 — 10

» Paper publication based on included SR: 4 (Includes: Harms, 4; LRTI, 1; Ulcers, 2;
# SR covered more adequately by another Brain injury, 2; Hearing loss, 2)
review: 12

& Guideling not of interest: 1
# \Wrong study design from the supplemental
primary data search: §

Included Systematic Reviews & HTAs
21"
|
[ [ | I I [ 1 I I [ 1
Diabetic || Non-diabetic [ | Late radiation Brain Cerebral Musltiple Sensorine Migraine! | |Osteomyelitiz] | Harms Economic
wolnds wounds tissue damage inpury palsy sclerosis ural Headache Analysis/Cost
hearing loss
3 5 4 2 1 1 1 1 4 3 2

*Some reviews covered more than 1 indication

An update search was conducted on November 8, 2012. The MEDLINE and Embase databases were
searched for randomized controlled trials (RCTs) and meta-analyses published subsequent to the original
search. The update search uncovered one new RCT on the efficacy of hyperbaric oxygen therapy (HBOT)
in the management of chronic nonhealing ulcers (Kaur et al., 2012). The results of the study did not
change the overall findings of the report and the study was not abstracted into the evidence tables. The
results of the study are included in KQ1 and the study is included in the overall count of selected
evidence (see Figure 1).
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Findings, Key Question #1: Is HBOT effective in improving patient-centered outcomes for

individuals with the following conditions?

Table 1 summarizes search results for the studies selected to answer KQ1. Sixteen selected systematic
reviews included 133 primary data studies. A further 5 primary data studies were found through a
search of the literature published subsequent to the systematic reviews (including 1 RCT found during

the update search), bringing the total number of included primary data studies to 138 (7225

participants). Of the included studies, 61 were RCTs, 4 were nonrandomized controlled trials, 8 were
pre-post studies (7 uncontrolled, 1 with historical controls), and 64 were other observational studies,
including prospective and retrospective cohorts as well as case series.

Table 1. Search Results for KQ1

Indication # IncIuded_Systematnc # Primary Studies* Study Design Total .Sample
Reviews Size
Diabetic nonhealing 3 16 RCTs: 8 1437
wounds Nonrandomized controlled trials: 2
Observational studiest: 6
Other nonhealing wounds 5 17 RCTs: 8 806
Observational studiest: 9
Late radiation tissue 4 35 RCTs: 13 1664
injury Observational studiest: 22
Refractory osteomyelitis 4 23 RCTs: 0 510
Nonrandomized controlled trials: 2
Observational studiest: 21
Brain injury 2 16 RCTs: 6 1283
Pre-post studies: 4
Other observational designs: 6
Cerebral palsy 1 6 RCTs: 2 449
Pre-post studies: 4
Headache/migraine 1 7 RCTs: 7 119
Multiple sclerosis 1 9 RCTs: 9 504
Sensorineural hearing 1 8 RCTs: 8 453
loss
Total 16 systematic 138 RCTs: 61 7195
reviews(some cover Nonrandomized controlled trials: 4
multiple indications) Uncontrolled pre-post studies: 8
Observational studiest: 64

*Including primary data studies in each systematic review and additional peer-reviewed studies published subsequent to the

systematic reviews and meeting inclusion criteria.

tIncludes uncontrolled prospective and retrospective cohort studies and case series.

HBOT for Diabetic Nonhealing Wounds, Including Foot Ulcers

Three systematic reviews (1437 participants), including 16 peer-reviewed studies (8 RCTs, 2

nonrandomized controlled trials, and 6 observational studies), reported on the effectiveness of HBOT for
the treatment of diabetic nonhealing wounds (Wang et al., 2003; Goldman, 2009; Kranke et al., 2012).

All of the studies involved diabetic foot ulcer patients and the outcomes evaluated included incidence of
healing, wound size reduction, amputation rates, and quality of life.
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Findings by Outcome

Incidence of Healing: A good-quality 2012 Cochrane Review by Kranke and colleagues identified 8 RCTs
(Doctor et al., 1992; Faglia et al., 1996; Lin et al., 2001; Abidia et al., 2003; Kessler et al., 2003; Duzgun et
al., 2008; Londahl et al., 2010; Wang et al., 2011) that investigated the effectiveness of HBOT for the
treatment of diabetic foot ulcers (Kranke et al., 2012). Pooled analysis of data from 3 trials (Abidia et al.,
2003; Kessler et al., 2003; Londahl et al., 2010) (140 participants) found that the addition of HBOT to
standard wound treatment resulted in a significant improvement in healing at 6 weeks follow-up (RR,
5.2; 95% Cl, 1.25-21.66; absolute risk difference, 12.2%; NNT, 8) and although this benefit was not
significant at 12 months (RR, 9.53; 95% Cl, 0.44-207.76), the authors caution that the 12-month pooled
estimate may not be accurate because of heterogeneity among studies. Given the heterogeneity of the
pooled analysis we looked to the individual studies to provide further insights. Following careful
consideration of the three studies in question, the Londahl et al (2010) study provides good quality
evidence of complete healing at one year (52% in the HBOT group versus 29% in the control group, P =
0.03). The Abidia (2003) study also reported complete healing at one-year follow-up in 5 of 8 patients in
the HBOT group versus 0 of 8 in the control group (P=0.026) but had a medium risk of bias The

Duzgun trial was a poor quality study with a high risk of bias preventing us from drawing meaningful
conclusions.

A poor-quality systematic review by Goldman (2009) also evaluated the benefit of HBOT for wound
healing and limb salvage in patients with diabetic foot ulcers but did not restrict study design to RCTs
(Goldman, 2009). Among 10 included studies (1055 participants), 4 were RCTs (all of which appeared in
the later Cochrane Review), 3 were prospective cohort studies, 2 were retrospective cohort studies, and
1 was a case series. Pooled analysis of 6 studies (138 participants) reported an odds ratio (OR) of 9.992
(95% Cl, 3.972-25.132) in favor of HBOT for improved healing. However, this result must be interpreted
with great caution because we believe the pooling of the studies in question was inappropriate due to
significant heterogeneity among the studies and poor internal validity of at least one included study. We
chose to include the Goldman review in our analysis because, despite our reservations regarding the
appropriateness of the meta-analysis conducted by the author, we see value in including the individual
study results based on the assumption that observational data may be more generalizable to the
population of patients with nonhealing diabetic wounds and, therefore, provide value in terms of
applicability. Among 2 fair-quality prospective cohort studies included by Goldman and colleagues, one
found HBOT to be more effective than no HBOT for the healing of diabetic foot ulcers and one reported
no significant difference in receiving or not receiving HBOT (Goldman, 2009). Specifically, Zamboni et al.
(1997) reported significant healing at the end of a 7-week treatment period among patients receiving
HBOT compared with patients who did not receive HBOT (P<0.05); and Kalani et al. (2002) found no
difference between those receiving or not receiving HBOT (Goldman, 2009). An earlier fair-quality HTA
by Wang and colleagues included 6 of the studies already discussed (and published at that time) as well
as an additional 2 very-poor-quality case series; both of these case series reported high complete
healing rates among patients receiving HBOT as an adjunct to standard wound treatment (75% and 88%
complete healing, respectively) (Wang et al., 2003). The report concluded that HBOT aids in wound
healing for nonhealing diabetic wounds.

Amputation Rates: The 2012 Cochrane Review pooled data from 5 trials (Doctor et al., 1992; Faglia et al.,
1996; Abidia et al., 2003; Duzgun et al., 2008; Londahl et al., 2010) (309 participants) and showed a
trend toward a benefit from HBOT in the rate of major amputations (defined as amputation of the lower
or upper extremity above the ankle or wrist, respectively) but no statistically significant difference
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between the groups (RR, 0.36; 95% Cl, 0.11-1.18) (Kranke et al., 2012). It should, however, be noted that
1 of the 5 included studies excluded participants at high risk for major amputations (Londahl et al.,
2010). When this study was excluded from the analysis, the benefit of HBOT became significant
suggesting that HBOT reduced the risk for major amputation (P=0.009). HBOT provided no additional
benefit in the rate of minor amputations, defined as amputation of a hand or foot or any part of either
(RR, 0.76; 95% Cl, 0.19-3.10) (Kranke et al., 2012). It is worth noting that no study looked at the
association between the rates of major amputations as a result of minor amputations. We were
therefore unable to determine if HBOT confers its benefits on the rate of major amputations in
exchange for an increase in the rate of minor amputations. In a meta-analysis of 7 studies, including 3
RCTs (Doctor et al., 1992; Faglia et al., 1996; Abidia et al., 2003), 2 prospective cohorts (Baroni et al.,
1987; Kalani et al., 2002), and 2 retrospective cohorts (Oriani et al., 1990a; Faglia et al., 1998), Goldman
(2009) reported reduced odds of amputation among patients receiving HBOT compared with those not
receiving HBOT (OR, 0.242; 95% Cl, 0.137-0.428). However, for the reasons described above, we have
very low confidence in the validity of this odds ratio but included the review for the value provided by
the individual study results. Among 2 fair-quality studies included by Goldman and colleagues and not
included in the later Cochrane Review, one reported significantly fewer amputations among patients
receiving HBOT (14% versus 31%; P=0.012) (Faglia et al., 1998), and one found a reduction in amputation
rates, which did not reach statistical significance likely due to a lack of power (12% among HBOT group
versus 33%; P=NS) (Kalani et al., 2002).

Wound Size Reduction: The 2012 Cochrane Review found 1 fair-quality RCT (Kessler et al., 2003), which
reported a 41.8% reduction in wound size at 2 weeks posttreatment among the HBOT group compared
with 21.7% in the control group (P=0.04). However, the mean difference (MD) between groups became
nonsignificant at 4 weeks (MD, 6.4%; 95% Cl, —15.3 to 28.1) (Kranke et al., 2012). It should be noted that
after two weeks of treatment, patients were discharged

QOL: Kranke et al. (2012) reported on QOL as an outcome of interest in the 2012 Cochrane Review. They
reported that in 1 good-quality RCT (n=94) (Londahl et al., 2010), no significant difference was found in
overall physical summary scores between the HBOT and control groups at 1-year follow-up (MD, —0.2;
95% Cl, —8.58 to 8.18). Similarly, no significant difference was found in overall mental health summary
scores (MD, 6.60; 95% Cl, —3.93 to 17.13) (Kranke et al., 2012).

Quality Assessment
Systematic Reviews: Applying AMSTAR criteria for rating the quality of systematic reviews, 1 of 3

selected systematic reviews was considered of good quality (Kranke et al., 2012), 1 fair quality (Wang et
al., 2003) and 1 was considered poor quality (Goldman, 2009).

Individual Studies: Each review differed substantially in the approach to rating the quality of individual
studies. The review by Kranke et al. (2012) employed the Cochrane Collaborations well-recognized risk
of bias assessment criteria for RCTs, and by our assessment made effective use of the tool. Goldman
(2009) included nonrandomized controlled trials, cohort studies, and case series in his review and
employed the equally well-recognized GRADE (Grades of Recommendation, Assessment, Development
and Evaluation) criteria as the quality assessment tool. It is our opinion however, that Goldman did not
apply the GRADE tool effectively, inappropriately rating case series and sometimes retrospective cohort
studies as moderate quality when it is our belief that the appropriate rating should have been poor for
the studies in question. Wang et al. (2003) made no attempt to rate the quality of individual studies in
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their HTA report; however, all but 2 of the studies included by Wang and of interest to this report had
been quality rated by the other authors. Applying the Hayes quality checklist system for rating the
quality of individual studies, we rated the quality of individual studies as fair overall. The most common
reasons for assigning a poor-quality rating was high attrition, poor blinding in RCTs, and the risk of
selection bias in observational studies.

Body of Evidence: We graded the overall body of evidence for the effectiveness of HBOT for the
treatment of diabetic wounds as moderate. Incidence of healing and amputation rates were considered
the major clinical outcomes and therefore carried more weight in the overall quality assessment
decision. Individual study quality, consistency, and directness of results account for the overall
moderate-quality grade assigned. Wound size reduction and QOL received very low and low grades,
respectively, reflecting the paucity of good-quality studies investigating these outcomes.

Summary: Effectiveness of HBOT for diabetic nonhealing wounds, including foot ulcers

Moderate-quality evidence from 3 systematic reviews (1437 participants), including 16 peer-reviewed
studies reporting on the effectiveness of HBOT for the treatment of diabetic foot ulcers, suggests that
the addition of HBOT to standard wound care promotes wound healing and limb salvage in the short
term. The results are clinically meaningful, with pooled data from 3 studies suggesting that 8 patients
would need to be treated with HBOT as an adjunct to standard wound care for an additional 1 person to
have complete wound healing. In addition, the findings from two studies (1 good quality, 1 fair quality)
provide moderate quality evidence that the effectiveness of HBOT to heal remains significant at one-
year follow-up. Incidence of healing and wound size reduction are clinically synonymous but are often
measured as separate research outcomes. There was insufficient evidence to determine the
effectiveness of HBOT to reduce wound size but given that the evidence supports HBOT for improved
incidence of healing, it is reasonable to assume that further study into the effectiveness of HBOT to
reduce wound size would find similar benefits. There is low-quality evidence suggesting no benefit from
HBOT for QOL (see Appendix VI-a).

HBOT for Other Nonhealing Wounds, Including Skin and Tissue Grafts, Thermal Burns, and
Surgical Wounds

Five systematic reviews (776 participants), including 16 peer-reviewed studies (7 RCTs, and 9
observational studies), reported on the effectiveness of HBOT for the treatment of nondiabetic
nonhealing wounds (Wang et al., 2003; Villanueva et al., 2004; Goldman, 2009; Eskes et al., 2010;
Kranke et al., 2012). The wounds included arterial, pressure, and venous ulcers; flaps and grafts; crush
injuries; surgical reconstruction (without grafts or flaps); and thermal burns. The outcomes evaluated
included incidence of healing, time to healing, reduction in wound size, amputation rates, survival of flap
or graft, length of hospital stay, mortality, and number of surgeries. Two studies provided detail specific
to KQ3 (Mathieu et al., 1990; Grolman et al., 2001) and are discussed in detail in that section but are
quality rated here. Meta-analysis was inappropriate due to significant heterogeneity among the studies,
so most reviews provided a descriptive analysis of individual study results.
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Findings by Type of Wound

Incidence of healing or reduction in wound size among patients with venous, arterial or pressure ulcers:
Two of the 5 included systematic reviews reported on the incidence of healing among patients with
venous, arterial, or pressure ulcers (Goldman, 2009; Kranke et al., 2012) (51 patients). Kranke and
colleagues, in their 2012 Cochrane Review, found no data on arterial or pressure wounds and reported
on just 1 small, fair-quality RCT (n=16) that examined the effect of HBOT on the treatment of venous
wounds (Kranke et al., 2012). The trial found a significant reduction in venous wound area among
patients receiving HBOT versus controls at 6 weeks follow-up (MD, 33%; 95% Cl, 18.97-47.03) but no
difference at 18 weeks (MD, 29.6%; 95% Cl, —23 to 82.2). They found no significant difference between
groups in the proportion of ulcers completely healed at any time (Hammarlund and Sundberg, 1994).
Goldman (2009) expanded his systematic review to include study designs other than RCTs, and in
addition to the trial by Hammarlund and Sundberg, described above, reported a small very-poor-quality
case series of 35 patients with leg ulcers, 80% of whom showed compete wound healing following HBOT
(Efrati et al., 2007). The update search uncovered one additional RCT that investigated the efficacy of
HBOT in the management of chronic nonhealing ulcers (Kaur et al., 2012). This was a small trial, of fair
quality, including 30 patients with a variety of ulcer types randomized to HBOT plus conventional
treatment or conventional treatment alone. Following 30 days of treatment, there was a 59% reduction
in wound area in the HBOT group compared with a 26% increase in wound area in the control group
(P=0.001).

Incidence of healing, time to healing, and amputation rates among patients with crush injuries: Two of
the 5 included systematic reviews reported on these outcomes among patients with crush injuries
(Wang et al., 2003; Eskes et al., 2010). Both reviews reported the same fair-quality RCT of 36 patients,
which found significantly more complete healing among the HBOT group (94% complete healing)
compared with controls (56% complete healing) (RR, 1.7; 95% Cl, 1.11-2.61; NNT, 3), no significant
difference with regard to mean time to healing among the HBOT group (50.2 days) versus controls (55.8
days) (MD, 5.6 days; 95% Cl, —19 to 7.8), no significant difference with regard to the number of
amputations among the HBOT group (0) versus controls (2) (RR, 0.2; 95% Cl, 0.01-3.89), and no
significant difference in mean length of hospital stay among the HBOT group (22.4 days) versus controls
(22.9 days) (MD, -5.0; 95% Cl, —9.96 to 8.96) (Bouachour et al., 1996).

Incidence of healing among patients having undergone surgical reconstruction (without grafts or flaps):
Goldman (2009) included 2 poor-quality prospective cohort studies (84 patients) evaluating the
effectiveness of HBOT on healing among patients having undergone surgical reconstruction (without
grafts or flaps) (Zhao et al., 1991; Reedy et al., 1994). One study reported 89% improved healing in the
HBOT group versus 73% among controls (P<0.05) (Zhao et al., 1991); the other reported breakdown and
infection in 1 patient receiving HBOT (17%) versus 7 patients (78%) not receiving HBOT (P<0.01) (Reedy
et al., 1994).

Incidence of wound recovery and healing among patients with acute traumatic peripheral ischemia: One
systematic review (Wang et al., 2003) reported one case series, which reported improved wound
recovery and complete healing among a series of 23 patients who received HBOT as an adjunct therapy
(Mathieu e al., 1990). The study did not provide detailed data.

Graft and flap survival/take and healing: Three of the 5 included reviews reported on these outcomes
for 425 patients with compromised skin grafts or flaps (Wang et al., 2003; Goldman, 2009; Eskes et al.,
2010). The 2010 Cochrane Review by Eskes and colleagues included 2 poor-quality RCTs, which
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examined the effectiveness of HBOT for improving graft or flap survival among patients with acute
surgical and traumatic wounds (Perrins, 1967; Xie and Li, 2007). Perrins (1967) looked at HBOT versus
usual care for split skin grafts (n=48) and found significantly better graft survival at 7 days follow-up
among the HBOT group (64%) compared with the usual care group (17%) (RR, 3.5; 95% Cl, 1.35-9.11;
NNT, 2) (Perrins, 1967). Xie and Li (2007) compared HBOT with dexamethasone and heparin in 155
patients with limb skin defects who underwent flap grafting. They found that HBOT was no better than
dexamethasone for complete flap survival at 7 days follow-up (89% versus 78%, respectively) (RR, 1.14;
95% Cl, 0.95-1.38). Similarly, HBOT was not significantly better than local heparin for complete flap
survival (89% versus 73%, respectively) (RR, 1.21; 95% Cl, 0.99-1.49) (Xie and Li, 2007). Goldman (2009)
included 3 very-poor-quality case series (47 patients) in his review, evaluating graft take among patients
having undergone HBOT before and /or after skin grafting (Gonnering et al., 1986; Saber et al., 2005;
Friedman et al., 2006) and 1 very-poor-quality case series of 15 patients having received HBOT as an
adjunct treatment for compromised flaps (Mathieu et al., 1993). One reported 50% complete graft take
at 18-month follow-up (Saber et al., 2005); 2 reported 100% graft take (Gonnering et al., 1986; Friedman
et al., 2006) and 1 reported complete flap healing (Mathieu et al., 1993). The Wang et al. (2003) review
reported one other (unpublished) unknown-quality RCT providing evidence of HBOT effectiveness for
the healing of compromised skin grafts. Marx (1994) (160 patients) reported delayed wound healing
among the HBOT group of 11% versus 55% in the control group (P=0.001).

Mortality, mean time to healing, graft take, number of required surgeries, and length of hospital stay
among patients with thermal burns: One Cochrane Systematic Review, including 2 fair-quality RCTs,
reported on the effectiveness of HBOT among 141 patients with thermal burns (Villanueva et al., 2004).
After adjusting for the patient’s condition, one trial found no significant differences in length of hospital
stay, mortality (11% in each group), or number of surgeries between the HBOT and control groups
(Brannen et al., 1997). The other trial reported significantly better time to healing among the HBOT
group (19.7 days) compared with the control group (43.8 days) (P<0.001) (Hart et al., 1974).

Quality Assessment

Systematic Reviews: Applying AMSTAR criteria for rating the quality of systematic reviews, 3 of 5
selected systematic reviews were considered good-quality reviews (Villanueva et al., 2004; Eskes et al.,
2010; Kranke et al., 2012), one was considered fair quality (Wang et al., 2003), and one was considered
poor quality (Goldman, 2009).

Individual Studies: The 3 Cochrane Systematic Reviews (Villanueva et al., 2004; Eskes et al., 2010; Kranke
et al., 2012) employed the Cochrane Collaboration risk of bias assessment criteria for RCTs, and by our
assessment, made effective use of the tool. Goldman (2009) included nonrandomized controlled trials,
cohort studies, and case series in his review and employed GRADE criteria as the quality assessment
tool. It is our opinion, however, that Goldman did not apply the tool effectively, inappropriately rating
case series and sometimes retrospective cohort studies as moderate quality when it is our belief that
the appropriate rating should have been poor for the studies in question. Wang et al. (2003) made no
attempt to rate the quality of individual studies in their HTA report; however, all but 2 of the studies
included by Wang and of interest to this report had been quality rated by the other authors.

Applying the Hayes quality checklist system for rating the quality of individual studies, we rated the
overall quality of individual studies as fair. The most common reasons for assigning a poor-quality rating
was high attrition, poor blinding in RCTs, and the risk of selection bias in observational studies.
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Body of Evidence: We graded the overall body of evidence as low quality. Insufficient data, poor
consistency in the estimate of effects between outcomes, as well as a high risk of bias in some key
studies are the main reasons for the low quality of evidence grade.

Summary: Effectiveness of HBOT for other nonhealing wounds, including skin and tissue grafts, thermal
burns, and surgical wounds

Overall, there is limited, low-quality evidence from 12 peer-reviewed studies suggesting that HBOT may
improve healing when employed as an adjunct treatment for venous, arterial, and pressure ulcers,
compromised flaps and grafts, and surgical reconstruction (without grafts or flaps). We currently have
low confidence in the reported estimate of effects for these conditions and the reported benefits should
be interpreted with caution. In addition, there is insufficient evidence from 1 study to determine the
effectiveness of HBOT for crush injuries, insufficient evidence (primarily due to mixed results) from 2
studies to determine if HBOT is effective for the treatment of thermal burns, and insufficient evidence
from 1 study to determine the effectiveness of HBOT for the treatment of acute traumatic peripheral
ischemia (Appendix VI-b).

HBOT for Refractory Osteomyelitis

Three systematic reviews (all fair quality) (510 participants) (Lawson, 2003; Goldman, 2009; Hart, 2012),
including 23 peer-reviewed studies (0 RCTs, 2 nonrandomized controlled trials, 21 case series), reported
on the effectiveness of HBOT for the treatment of refractory osteomyelitis. The outcomes evaluated
included resolution/cure, recurrence, and hospital stay. Studies varied with regards to how they defined
“refractory osteomyelitis”; common definitions included:

e Failed response to debridement and intravenous antibiotics (no specifics provided)

e one failed surgical procedure designed to eliminate infection

e One failed surgical procedure in addition to at least 6-months of infection and a history of
recurrence

e 6-months duration as well as failed aggressive surgical debridement and antibiotics

e 6-months duration plus recurrence after 3 surgical procedures as well as failed antibiotics
“chronic” or refractory osteomyelitis has therefore been defined rather broadly although most
studies specify a duration of 6-months of infection coupled with failed response to antibiotics
and/or surgical intervention.

A systematic review by Hart (2012) was identified in an update search after the initial set of studies had
been identified, selected, and abstracted. Hart (2012) included 23 studies (510 participants) (2
prospective cohorts and 21 case series) noting that there are no RCTs evaluating the effectiveness of
HBOT for refractory osteomyelitis, and stratified results according to anatomical location (long bone and
miscellaneous sites, mandibular, spinal, cranial, malignant external otitis, and sternal). It should be
noted that we rated all but two studies included in this review as very poor in quality (in contrast to the
author’s opinion) due to a high risk of selection bias (see quality assessment section). Furthermore, case
series are particularly prone to publication bias usually favoring the intervention under investigation
(Albrecht et al., 2009). One fair-quality nonrandomized controlled trial (Barili et al., 2007) was included
by Hart and represents the best available evidence. We summarized the findings of the very poor
studies under the various outcome sections but recommend substantial caution in interpreting the
results as outlined by the author. The other two included systematic reviews (Lawson, 2003; Goldman,
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2009) had been selected for inclusion prior to publication of the Hart systematic review, and, although
they do not present additional studies, they both report harms data important to the review.

Findings by Outcome

Resolution/cure: All 3 fair-quality systematic reviews reported on resolution/cure as an outcome
(Lawson, 2003; Goldman, 2009; Hart, 2012). Definitions of cure varied from “eradication of
osteomyelitis” to “resolution of drainage” and “free of clinical signs”. One poor-quality nonrandomized
controlled trial (28 participants) was included in all 3 reviews (Esterhai et al., 1987) and suggests no
benefit from HBOT as an adjunct treatment to surgery and antibiotics for curing refractory osteomyelitis
(HBOT group, 79% [110f 14]; control group, 93% [13 of 14]; P=0.28). In contrast, the median cure rate
among the 21 included case series (450 participants) was 87% in favor of HBOT as an adjunct to
standard care (range, 37% to 100%).(Hart, 2012).

Relapse: Hart (2012) was the only review to include a fair-quality nonrandomized controlled trial by
Barili et al. (2007). This trial was presumed to be excluded from the review by Goldman (2009) because
the term osteomyelitis does not appear in the text. This fair-quality trial represents the best-quality
available evidence reporting significantly lower infection relapse rates among the HBOT group versus
controls (0% versus 33.3%, respectively; P=0.024) (Barili et al., 2007). A poor-quality nonrandomized trial
by Esterhai et al. (1987) (included in all 3 reviews) found no difference in relapse rates between groups
(14% [2 of 14]) in the HBOT group versus 7% [1 of 14] in the control group; P=0.54) (Esterhai et al.,
1987). Among 5 very-poor-quality case series (74 participants) 4 cases (5.4%) of relapses were reported
among patients receiving HBOT (Perrins et al., 1966; Davis et al., 1992; Chen et al.,, 1998; Chen et al.,
2004; Amhed et al., 2009).

Length of hospital stay: One fair-quality nonrandomized controlled trial reported significantly fewer days
in the hospital among the HBOT group versus controls (52.6 [SD, 9.1] versus 73.6 [SD, 24.5]; P=0.026)
(Barili et al., 2007).

Quality Assessment

Systematic Reviews: Applying AMSTAR criteria for rating the quality of systematic reviews, all 3 selected
systematic reviews were considered fair quality (Lawson, 2003; Goldman, 2009; Hart, 2012). It should be
noted that 2 of the 3 reviews (Goldman, 2009; Hart, 2012) were considered flawed in terms of their
assessment of the quality of individual studies but considered sound methodologically in terms of
identifying and selecting studies.

Individual Studies: Lawson (2003) applied standard methods to rating the quality of its one included
study, and we agreed with the author’s assessment. Goldman (2009) employed GRADE criteria as the
quality assessment tool, but it is our opinion that the author did not apply the tool effectively,
inappropriately rating case series as moderate quality when it is our belief that the appropriate rating
should have been poor for the studies in question. Hart (2012) applied the American Heart Association’s
criteria for assessing the quality of observational studies but, in our assessment, inappropriately rated all
21 included case series as fair quality when they should have been rated very poor. Using this
information and applying the Hayes quality checklist system for rating the quality of individual studies,
we judged the overall quality of individual studies as poor. The most common reasons for assigning a
poor-quality rating was the risk of selection bias in observational studies.

Hyperbaric Oxygen Therapy — Final Report Page 66



Health Technology Assessment February 15, 2013

Body of Evidence: Based on the results from 23 included primary data studies, all three included
outcomes received a low- or very-low-quality of evidence grade. The overall quality of evidence was
considered low. The high risk of bias associated with the included case series, inconsistency across
outcomes, and the risk of publication bias represent the main reasons for the very-low grade assigned.

Summary: Effectiveness of HBOT for refractory osteomyelitis

Low-quality evidence from 23 primary data studies (1 fair quality, 1 poor quality, 21 very poor quality)
cannot establish that HBOT is effective as an adjunct treatment for refractory osteomyelitis. There is
some evidence from 1 small fair-quality nonrandomized trial that HBOT may reduce the rates of relapse
infection but additional, good-quality studies are necessary to confirm this finding (Appendix VI-c).

HBOT for Late Radiation Tissue Injury

Four systematic reviews (1 good quality, 3 fair quality) (1628 participants) (Wang et al., 2003; Fritz et al.,
2010; Nabil and Samman, 2011; Bennett et al., 2012), including 34 peer-reviewed studies (12 RCTs, 3
prospective cohorts, 6 retrospective cohorts, and 13 case series), and 1 fair-quality RCT (36 participants)
published subsequent to the systematic reviews (Shao et al., 2012), reported on the effectiveness of
HBOT for the treatment of LRTI, including osteoradionecrosis (ORN) and soft tissue radionecrosis.
Outcomes evaluated included complete resolution or improvement of tissue damage or necrosis;
prevention of ORN; late sequelae (LENT-SOMA scores evaluating functional outcomes); QOL; complete
mucosal cover for ORN; establishment of bony continuity; healing of tooth sockets; loss of dental
implants; and wound dehiscence.

Findings by Indication or Outcome

Complete resolution or improvement of tissue damage or necrosis: Two of the included systematic
reviews (Wang et al., 2003; Bennett et al., 2012) plus 1 RCT published subsequently (Shao et al., 2012)
reported on this outcome. A complicating factor in the study of HBOT for LRTl is the difficulty in
comparing results across anatomical areas. A good-quality Cochrane Review by Bennett et al. (2012)
reported pooled data from 4 RCTs, which examined the complete resolution of tissue damage or
necrosis at or before 3 months follow-up across all anatomical areas studied (325 participants) (2 good
quality, 1 fair quality, 1 unclear quality due to poor reporting) (Marx, 1999a; Pritchard et al., 2001;
Annane et al., 2004; Clarke et al., 2008). Overall, 36% of participants in the HBOT group and 28% in the
control group achieved complete resolution. There was, however, significant heterogeneity among the
trials, which was not due to sampling variability (1°=82%) and no overall estimate of effect was provided.
In the absence of an overall estimate of effect, the effectiveness of HBOT for the complete resolution of
tissue damage for each area studied is provided. A study of indeterminate quality by Marx (1999a) found
that complete resolution was significantly higher among patients requiring hemimandibulectomy and
receiving HBOT (RR, 1.4; 95% Cl, 1.1-1.8; NNT, 5); a good-quality study by Clarke et al. (2008) found a
nonsignificant improvement in the HBOT group toward complete resolution among patients with
radiation proctitis (RR, 9.7; 95% Cl, 0.6-170.1); a fair-quality study by Annane et al. (2004) found no
benefit of HBOT among patients with ORN of the mandible in terms of complete resolution at or before
3 months follow-up (RR, 0.6; 95% Cl, 0.25-1.4) (although the validity of the primary outcome in this
study has been questioned); and a good-quality study by Pritchard et al. (2001) reported no resolution in
either the HBOT or control groups. In addition, the good-quality trial by Clarke et al. (2008), included
previously, combined complete resolution with significant improvement of tissue damage or necrosis
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and found a significant benefit to HBOT among patients with radiation proctitis (RR, 1.72; 95% Cl, 1.0-
2.9) (Clarke et al., 2008). A fair-quality RCT, published subsequent to the included systematic reviews
(n=36) (Shao et al., 2012), found that HBOT and intravesical hyaluronic acid both aided recovery among
patients with radiation induced hemorrhagic cystitis, and reported 75% complete recovery (defined as
no symptoms) in the HBOT group at 6 months, 50% at 12 months, and 45% at 18 months (Shao et al.,
2012). Finally, a fair-quality 2003 systematic review (Wang et al., 2003), including 13 very poor-quality
case series (168 participants), all reported a beneficial effect (50% to 100% complete or partial healing)
of HBOT on soft tissue radionecrosis (Wang et al., 2003).

Prevention of ORN following tooth extraction in an irradiated field: One good-quality systematic review
from the Cochrane Collaboration (Bennett et al., 2009) and two fair-quality systematic reviews (Fritz et
al., 2010; Nabil and Samman, 2011) reported on this outcome. All 3 reviews reported just 1 RCT, with an
unclear risk of bias due to poor reporting, which found an incidence rate for the development of ORN of
5.4% in the HBOT group versus 29.9% in the control group (RR, 0.18; P=0.005) (Marx et al., 1985). Fritz
and colleagues and Nabil and colleagues included observational studies in their respective reviews and
found similar results from largely the same studies but drew different conclusions from the findings
(Fritz et al., 2010; Nabil and Samman, 2011). Nabil and Samman (2011) included 19 studies (1 RCT and
18 observational studies) 8 of which reported on the use of HBOT (433 participants). The authors
reported an overall incidence rate of 7% (57 of 828 patients) for ORN among post-radiated head and
neck cancer patients but only 4% among patients who received HBOT. They concluded that weak
evidence supports the use of HBOT for the prevention of ORN after tooth extraction in irradiated head
and neck cancer patients. Fritz et al. (2010) conducted a similar systematic search and included 14
studies (1 RCTs and 13 observational); 7 reported on the use of HBOT, 6 of which had also been included
by Nabil and Samman (2011). Fritz and colleagues reported the same overall incidence rates for ORN
(7% overall versus 4% for those having undergone HBOT) but concluded that there was insufficient
evidence to determine if HBOT was effective in preventing ORN after tooth extraction in irradiated head
and neck cancer patients. The 2003 systematic review by Wang and colleagues (described elsewhere)
also looked at ORN but does not add anything new to the results provided previously.

Complete mucosal cover and establishment of bony continuity in ORN: A good-quality Cochrane Review
by Bennett et al. (2012) pooled data from 3 RCTS (246 participants) (1 fair quality, 2 unclear quality)
(Marx et al., 1985; Marx, 1999a; Annane et al., 2004) and reported significant benefit from HBOT in
terms of achieving complete mucosal cover among patients with ORN (RR, 1.3; 95% Cl, 1.1-1.6; NNT, 5)
(Bennett et al., 2012). Also reported in the 2012 Cochrane Review, is a trial by Marx (1999a) reporting
significant benefit from HBOT in terms of establishing bony continuity (RR, 1.5; 95% Cl, 1.1-1.8).

QOL: The 2012 Cochrane Review (Bennett et al., 2012) included 5 RCTs (287 participants) (2 good
quality, 3 fair quality) reporting QOL outcomes, which were not pooled due to significant heterogeneity
(Pritchard et al., 2001; Schoen et al., 2007; Clarke et al., 2008; Teguh et al., 2009; Gothard et al., 2010).
Among patients with axillary radiation injury, no significant benefit of HBOT was found for general
health at 12 months (SF-36® Health Survey [QualityMetric, Inc.], 58.8/100 in HBOT group versus
61.1/100 control group; weighted MD, —2.3; 95% Cl, —19 to 14.4) (Pritchard et al., 2001); physical
functioning at 12 months (weighted MD, —4.0; 95% Cl, —19.4 to 11.4) (Pritchard et al., 2001); or
lymphedema-specific functioning (P=NS) (Gothard et al., 2010). A significant benefit of HBOT was found
for improvement in bowel bother subscale among patients with radiation proctitis (pre-post mean
improvement 14.1% in HBOT group [P=0.0007] versus 5.8% in control group [P=0.15]) (Clarke et al.,
2008); global QOL score among patients with dental implants in irradiated regions (MD, 17.6 points; 95%
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Cl, 2.8-32.2) (Schoen et al., 2007); and 12-month QOL functional outcomes among patients with
radiation-related damage following head and neck cancers (improvements included sticky saliva score,
P=0.01; dry mouth, P=0.009; and VAS for pain in the mouth, P<0.0001) (Teguh et al., 2009).

Late effects of radiation (LENT-SOMA scores): The 2012 Cochrane Review (Bennett et al., 2012) reported
one good-quality RCT (150 participants), which looked at mean improvement in LENT-SOMA scores (an
indication of improvement in the late effects of radiation) at completion of treatment and found a
significantly greater improvement in the HBOT group (LENT-SOMA score 5.0 of 14 in the HBOT group
versus 2.6 of 14 in the control group; MD, 2.4; P=0.002) (Clarke et al., 2008).

Loss of dental implants: One fair-quality trial reported in the 2012 Cochrane Review (Schoen et al., 2007)
found that the risk of losing an implanted tooth following implant into an irradiated mandible was 2.5
times greater in the HBOT group versus controls, but this was not statistically significantly (RR, 2.5;
P=0.22).

Wound dehiscence in head and neck tissues: A good-quality Cochrane Review by Bennett et al. (2012)
pooled data from 2 RCTS (368 participants, with unclear risk of bias due to poor reporting) (Marx, 19993;
Marx, 1999b) and found a significant benefit to HBOT in terms of reducing post-surgical wound
dehiscence among patients previously exposed to radiation in the surgical area (RR, 4.2; 95% Cl, 1.1-
16.8).

Quality Assessment

Systematic Reviews: Applying AMSTAR criteria for rating the quality of systematic reviews, 1 of 4
selected systematic reviews was considered good quality (Bennett et al., 2012) and 3 were considered
fair quality (Wang et al., 2003; Fritz et al., 2010; Nabil and Samman, 2011).

Individual Studies: Each review differed in the approach to rating the quality of individual studies. The
review by Bennett et al. (2012) employed the Cochrane Collaboration risk of bias assessment criteria for
RCTs, and by our assessment made effective use of the tool. Fritz et al. (2010) effectively assessed the
quality of individual studies using well-recognized criteria for quality assessment. Nabil and Samman
(2011) did not formally assess the quality of individual studies; however, all but one of the included
studies had been quality assessed in the Fritz et al. (2010) review and we had enough information to
quality rate the remaining study using Hayes criteria. Wang et al. (2003) made no attempt to rate the
quality of individual studies but included 13 case series that we rated poor quality and an RCT that had
been quality rated in other reviews. Using this information and applying the Hayes quality checklist
system for rating the quality of individual studies, we rated the overall quality of individual studies as
fair. The most common reasons for assigning a poor-quality rating was inadequate randomization, poor
or no blinding in RCTs, and the risk of selection bias in observational studies. Three included RCTs, all by
the same author (Marx et al., 1985, Marx, 1999a; Marx, 1999b), were rated as unclear risk of bias
because the author provided so few details that it precluded reasonable judgment.

Body of Evidence: Based on the results from 35 included primary data studies, a number of outcomes
were judged to have low or very-low-quality evidence, mainly as a result of the paucity of studies, small
sample sizes, indirect evidence, inconsistency across studies, and high risk of bias. Despite this, we
judged the overall quality of evidence for the effectiveness of HBOT in the treatment of LRTI to be
moderate. Complete resolution or improvement of tissue damage; prevention of ORN following tooth
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extraction in an irradiated field; and complete mucosal cover and establishment of bony continuity for
ORN were considered major outcomes and, therefore, given more weight in our quality assessment
process, contributing to the overall moderate quality grade assigned to HBOT for LRTI. Furthermore,
most of the outcomes studied found a consistent benefit in favor of HBOT for both ORN and soft tissue
radionecrosis and several key fair- and good-quality studies were available.

Summary: Effectiveness of HBOT for LRTI

There is moderate-quality evidence from 35 primary data studies suggesting that HBOT improves
outcomes of LRTI affecting bone and soft tissues. There is no overall estimate of effect because of the
heterogeneity among studies, but the evidence suggests that radiation-induced tissue and bone damage
to the head and neck, anus, and rectum show consistent clinical improvement with HBOT. There is also
moderate-quality evidence that HBOT reduces the risk of developing ORN following tooth extraction in a
previously irradiated area (Appendix VI-d).

HBOT for Brain Injury

Two good-quality systematic reviews (1220 participants) (McDonagh et al., 2003; Bennett et al., 2009),
including 16 studies (6 RCTs, 4 uncontrolled pre-post studies, 6 other observational studies) plus one
additional fair-quality pre-post study (63 participants) of relevance that was not included in either
systematic review, reported on the effectiveness of HBOT for the treatment of brain injury, including
traumatic and other brain injuries. The outcomes evaluated included mortality and functional outcomes.

Findings by Indication and Outcome

TBI: Although 1study stratified patients according to type of injury, no study reported stratifying
according to severity of injury. One study specified that groups did not differ in terms of
severity of injury and all studies included patients classified as having severe closed head injury.
The cause of mortality was not described in any study.

Mortality among TBI patients: A good-quality Cochrane Review by Bennett and colleagues pooled data
from 4 fair-quality trials (387 TBI patients) (Holbach et al., 1974; Artru et al., 1976a; Rockwold et al.,
1992; Xie and Li, 2007) and reported a significantly reduced risk of dying among those receiving HBOT
compared with controls (RR, 0.69; 95% Cl, 0.54-0.88). The absolute difference was significant at 15%,
and the number needed to treat (NNT) to avoid 1 death was 7 (95% Cl, 4-22) (Bennett et al., 2009). The
number of HBOT sessions varied from 10 to 40. Time to enroliment into the study following hospital
admission varied across the studies. Rockswold (1992) reported enrollment after 6 hours; Xie (2007)
reported enrollment after 24 hours; Artru (1976) reported enroliment after 4.5 days, and Holbach
(1974) did not specify any period before entry into the study.

Functional outcomes among TBI patients: Bennett and colleagues pooled data from 2 fair-quality trials
(159 TBI patients) (Holbach et al., 1974; Artru et al., 1976a) and found no statistically significant
reduction in the proportion of TBI patients with unfavorable functional outcomes at the end of HBOT
treatment to 4 weeks follow-up (RR, 0.38; 95% Cl, 0.10-1.37). However, the absolute risk difference
between HBOT and sham treatment groups was significant (P=0.04) at 22.3% with the NNT to achieve 1
additional good outcome equal to 4 (95% Cl, 3-11) (Bennett et al., 2009). At 6 months follow-up,
Bennett and colleagues found one poor-quality trial (Ren et al., 2001) (55 TBI patients) reporting a
significant reduction in the risk of an unfavorable functional outcome following HBOT (RR, 0.36; 95% Cl,
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0.18-0.72), an absolute risk difference between the HBOT and sham treatment groups of 22.3%
(P=0.04), and the NNT for 1 additional good outcome of 4 (95% Cl, 3-11) (Bennett et al., 2009). At 1-year
follow-up, Bennett and colleagues found one fair-quality trial (Rockswold et al., 1992) (168 TBI patients),
which found no statistical reduction in the risk of an unfavorable outcome following HBOT (RR, 1.02;
95% Cl, 0.77-1.36). In addition, Bennett and colleagues pooled the results from all 4 trials (382 TBI
patients) (Holbach et al., 1974; Artru et al., 1976a; Rockswold et al., 1992; Ren et al., 2001) to determine
if HBOT reduced the risk of an unfavorable functional outcome at any final assessment point and found
no significant reduction in the risk of an unfavorable outcome following HBOT (RR, 0.51; 95% Cl, 0.25-
1.08) (Bennett et al., 2009). It should be noted that there was significant heterogeneity between the
trials (1’=81%) and the results were borderline sensitive to the number of dropouts in one of the trials. In
the best case scenario, the absolute risk difference between the HBOT and sham treatment groups was
significant at 18% (P=NR). The NNT to avoid 1 poor outcome was 6 (95% Cl, 4-12) (Bennett et al., 2009).
A good-quality Agency for Healthcare Research and Quality (AHRQ) systematic review by McDonagh et
al. (2003) included 3 of the RCTs and discussed the results for the Bennett et al. (2009) review. In
addition, McDonagh and colleagues looked at observational data and in a poor-quality pre-post study of
just 6 TBI patients reported poor functional outcomes among all survivors (Artru et al., 1976b).
McDonagh et al. (2003) reported on 4 other observational studies, all of which reported on physiological
outcomes (such as intracranial pressure and cerebrospinal pressure) rather than patient-important
outcomes and are therefore not described here.

Mortality among patients with non-TBI brain injury: McDonagh et al. (2003) reported 1 poor-quality pre-
post study (136 patients) (Mathieu et al., 1987), which found 7% mortality among patients following
HBOT.

Functional outcomes among patient with non-TBI brain injury: McDonagh et al. (2003) found one poor-
quality uncontrolled observational study (32 patients) reporting a 5% to 10% improvement in memory
(Bender-Gestalt memory test and 7 unvalidated measures were used to create a memory score) among
patients having undergone HBOT (Imai et al., 1974). A poor-quality pre-post test study (with historical
controls) published subsequent to the 2003 AHRQ review found that patients with chronic brain injury
(including cerebral palsy, stroke, TBI, anoxic ischemic encephalopathy, and Lyme disease) had
significantly improved cognitive performance following HBOT when compared with brain injured or
normal controls (Golden et al., 2006). The overall mean change in cognitive performance among
children receiving HBOT was 43.57 (SD, 31.45) versus 3.71 (SD, 5.99) among brain-injured controls and
21.33 (SD, 7.81) among normal controls (P=0.000). Similarly, the overall mean change in cognitive
performance among adults receiving HBOT was significantly better than controls with mean change in
cognitive performance 62.73 (SD, 42.01) among the HBOT group, 1.13 (SD, 13.27) among brain-injured
controls, and 8.10 (SD, 6.69) among normal controls (P<0.01) (Golden et al., 2006). We have very low
confidence in the reliability of these results, particularly since the treatment group showed significantly
poorer cognitive performance pre-test than did the brain-injured controls, increasing the likelihood for
selection bias. Furthermore, the authors gave no explanation for the significant pre-post test difference
observed among the normal controls.

Symptoms among patients with non-TBI brain injury: McDonagh et al. (2003) included 1 poor-quality
RCT (92 patients), which reported a significantly higher proportion of patients cured in the HBOT group
compared with controls (38% [18 of 47] versus 18% [8 of 45]; P<0.05) (Jianhua et al., 1995) and a very
poor-quality case series that reported a cure rate of 68% (65 of 95) following HBOT among patents in a
coma for a variety of etiologies (Shn-rong, 1995). There were several methodological flaws in these
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studies, and we have very-low confidence in the reliability of the results. McDonagh et al. (2003) also
reported a very-poor-quality uncontrolled observational study (10 patients) reporting a 40% (4 of 10)
improvement in symptoms among children with radiation-induced necrosis of the central nervous
system (Chuba et al., 1997).

Quality Assessment

Systematic Reviews: Applying AMSTAR criteria for rating the quality of systematic reviews, both included
systematic reviews (McDonagh et al., 2003; Bennett et al., 2009) were considered good quality.

Individual Studies: Each review differed in the approach to rating the quality of individual studies. The
review by Bennett et al. (2009) employed the Cochrane Collaboration risk of bias assessment criteria for
RCTs, and by our assessment made effective use of the tool. McDonagh et al. (2003) employed standard
AHRQ methods to rate the quality of individual studies applying the methods effectively. Using this
information and applying the Hayes quality checklist system for rating the quality of all of the individual
studies, we rated the overall quality of individual studies as fair for TBl and poor for other brain injuries.
The most common reasons for assigning a poor-quality rating was inadequate randomization, poor or no
blinding in RCTs, and the risk of selection bias in observational studies.

Body of Evidence: Based on the results from 16 included primary data studies, we judged the overall
quality of the evidence for TBI as low. Studies were generally of fair quality but there was significant
heterogeneity among protocols and in the severity of brain injury at study entry. We found very-low-
quality studies, inconsistent findings, and poor precision in the studies looking at non-TBI brain injuries
and, consequently, judged the overall quality of the evidence for outcomes related to non-TBI brain
injuries as very low.

Summary: Effectiveness of HBOT for brain injuries

Moderate-quality evidence from 10 primary data studies suggests that although HBOT may reduce the
risk of dying following a TBI, there is little evidence that those who survive have a good functional
outcome (Appendix VI-e). Based on the available data, the review authors did not recommended routine
application of HBOT to TBI patients.

Evidence from 6 poor-quality primary data studies is insufficient to determine if HBOT is effective in
improving health outcomes among patients with brain injuries other than TBI (Appendix VI-f).

HBOT for Cerebral Palsy

One systematic review (449 participants), which included 6 studies (2 RCTs, 4 observational studies) (449
participants), reported on the effectiveness of HBOT for the treatment of cerebral palsy (McDonagh et
al., 2007). This review was an update of a 2003 AHRQ report by the same author. The outcomes
evaluated included: change in gross motor function measure (GMFM) and percentage of improvement
in GMFM; caregiver assessment (using the Pediatric Evaluation of Disability Inventory [PEDI] scale); and
other disease-specific outcomes such as improvement in speech, social functioning, and cognitive
ability.
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Findings by Outcome

Motor function: One fair-quality RCT (Collet et al., 2001) and 2 fair-quality observational studies (rated
fair by the author of the review) (Montgomery et al., 1999; Waalkes et al., 2002) reported on motor
function. Collet and colleagues found a statistically and clinically significant improvement in both the
HBOT and control groups immediately following 40 HBOT treatments and again at 6 months follow-up
(mean change in GMFM immediately posttreatment was 2.9 in the HBOT group versus 3.0 in the control
group, P=NS; mean change at 6 months follow-up was 3.4 in the HBOT group versus 3.1 in the control
group, P=NS) (Collet et al., 2001). It should be noted that the control group received air pressurized to
1.3 atmosphere absolute (ATA), which may explain the improvement seen among control participants
and the lack of difference between the groups. Montgomery et al. (1999), in a fair-quality prospective
pre-post test study, reported a 5.3% improvement in GMFM scale among 25 patients receiving 20
sessions of HBOT at 1.75 ATA, and Waalkes et al. (2002), in a small but fair-quality prospective pre-post
test study, reported an 8.9% improvement in GMFM scale among 7 patients receiving 40 sessions of
HBOT at 1.7 ATA. The differences in baseline GMFM and number of treatment sessions make it difficult
to compare the results of these 3 studies.

Caregiver assessment (PEDI scale): Two RCTs reported on this outcome (Packard, 2000; Collet et al.,
2001). One poor-quality RCT found that the control group had significantly better mobility and social
functioning posttreatment (PEDI scale, results NR) (Collet et al., 2001). A poor-quality RCT reported no
difference between groups in PEDI scores according to the results from blinded assessors (results NR)
but found a significant improvement in PEDI mobility subscore favoring HBOT among unblinded parents
(results NR) (Packard, 2000). These results should be considered unreliable due to a complete lack of
reporting on important study characteristics in the Packard study.

Other disease-specific outcomes: Chavdarov (2002) reported improvements of 13% for motor function,
6% for cognitive abilities, and 7% for speech abilities 2 days post HBOT in a poor-quality prospective
time-series of 50 patients. Baseline data were not presented, making it difficult to generalize these
results to other children with cerebral palsy (Chavdarov, 2002). One other poor-quality retrospective
time-series (230 participants) reported 95% reduced spasticity immediately post HBOT, which persisted
among 76% of 82 children at 6 months follow-up (Machado, 1989). High risk of bias makes these results
particularly unreliable.

Quality Assessment

Systematic Reviews: Applying AMSTAR criteria for rating the quality of systematic reviews, we assessed
the included systematic review as good quality

Individual Studies: McDonagh et al. (2007) employed standard AHRQ methods to rate the quality of
individual studies, applying the methods effectively. Applying the Hayes quality checklist system for
rating the quality of individual studies, we rated the quality of individual studies as fair for the outcome
of motor function but poor for all other outcomes.

Body of Evidence: The overall quality of the body of evidence was judged as low for motor function,
despite an overall rating of fair for the quality of individual studies. Inconsistencies in the direction of
results, a paucity of studies, small sample sizes, differences in baseline characteristics, and the number
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of treatment sessions provided, all contributed to the low-quality of evidence grade. The overall quality
of the evidence for all other outcomes was considered very low.

Summary: Effectiveness of HBOT for cerebral palsy

There is insufficient evidence from 6 studies (2 RCTS and 4 observational studies) to determine the
effectiveness of HBOT for the treatment of cerebral palsy. Observational data of fair to poor quality
suggests an improvement in motor function and other disease-specific subjective outcome measures
among children receiving HBOT, but a fair-quality RCT found no additional benefit from HBOT among
children receiving HBOT versus those receiving pressurized air (Appendix VI-g).

HBOT for Multiple Sclerosis

One systematic review, including 9 RCTs (10 publications) (504 participants), reported on the
effectiveness of HBOT for the treatment of multiple sclerosis (MS) (Bennett and Heard, 2011). The
primary outcomes evaluated included objective assessments of improvement in MS by a
neurologist/hyperbaric physician (Kurtzke Expanded Disability Status Scale [EDSS]) and the number of
patients suffering disease exacerbations; secondary outcomes included global and individual Functional
Status Scores (FSS) assessed by a neurologist as well as those reported by the patient.

Findings by Outcome

Reduction in EDSS: The pooled results from 5 trials (271 participants) (Fischer et al., 1983; Neiman et al.,
1985; Harpur et al., 1986; Wiles et al., 1986; Oriani et al., 1990b) assessing the effectiveness of HBOT
immediately following 20 treatment sessions demonstrated no significant reduction in the mean EDSS
with HBOT versus sham treatment (mean change with HBOT versus sham treatment, 0.07; 95% Cl, —0.23
to 0.09). Pooled 6-month results from 3 trials (163 participants) (Fischer et al., 1983; Harpur et al., 1986;
Oriani et al., 1990b) also demonstrated no significant reduction in the mean EDSS in the HBOT group
versus the sham treatment group (mean change with HBOT versus sham treatment, —0.22; 95% Cl, —0.54
to 0.09). Two trials (81 participants) were pooled to examine the outcome at 1-year posttreatment
(Fischer et al., 1983; Oriani et al., 1990b) and found a significant reduction in mean EDSS among those
receiving HBOT versus sham treatment (mean change, —0.85; 95% Cl, —1.28 to —0.42). It should be
noted, however, that the 2 trials available for pooling at 12 months were the only 2 trials to report a
benefit from HBOT among the 9 included RCTs and a change of 1 point on the EDSS scale is considered
clinically meaningful.

Prevention of exacerbation: HBOT was not found to reduce the chance of having an exacerbation in any
of the 5 studies reporting on the outcome. One fair-quality trial (117 participants) found no difference in
the odds of having an exacerbation between patients receiving HBOT and those receiving a sham
treatment during 1 month of treatment (OR, 0.31; 95% Cl, 0.01-7.8) (Barnes et al., 1985). Similarly, 2
fair-quality trials (122 participants) (Harpur et al., 1986; L'Hermitte et al., 1986) were pooled to
determine if HBOT reduced disease exacerbations in the 6 months posttreatment period and also found
no significant difference between groups (OR, 0.74; 95% Cl, 0.25-2.22). Furthermore, 2 trials (153
participants) looked at the same outcome throughout 1-year follow-up (Fischer et al., 1983; Barnes et
al., 1987) and reported no reduction in the odds of exacerbation among patients receiving HBOT (OR,
0.38; 95% Cl, 0.04-3.22; P=0.4).
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FSS: Four studies were pooled to determine if HBOT improved global FSS scores at the end of 20
treatment sessions (Neiman et al., 1985; Harpur et al., 1986; L’'Hermitte et al., 1986; Oriani et al., 1990b)
(194 participants). The results showed no significant difference between groups (29% improvement in
the HBOT group versus 28% in the sham group) (OR, 1.17; 95% Cl, 0.59-2.33). Similarly, 7 of 9 included
trials reported no significant difference between HBOT and sham treatment in terms of individual FSS
elements. Two pooled trials (Barnes et al., 1987; Oriani et al., 1990b) did find that 10 patients (11%) had
improved pyramidal function at 6 months posttreatment in the HBOT group versus 2 (2.3%) in the sham
group (odds of failing to improve: OR, 0.17; 95% Cl, 0.07-0.78; NNT, 11; 95% Cl, 6-63). In addition, Oriani
et al. (1990b) found that 12 patients (13.2%) showed improved pyramidal function 12 months
posttreatment in the HBOT group versus 4 (4.5%) in the sham group (odds of failing to improve: OR,
0.13; 95% Cl, 0.03-0.58; NNT, 11; 95% Cl, 6-197).

Quality Assessment

Systematic Reviews: Applying AMSTAR criteria for rating the quality of systematic reviews, we assessed
the included systematic review as good quality (Bennett and Heard, 2011).

Individual Studies: The review by Bennett and Heard (2011) employed the Cochrane Collaboration’s
well-recognized risk of bias assessment criteria for RCTs, and by our assessment made effective use of
the tool. Applying the Hayes quality checklist system for rating the quality of individual studies, we rated
2 studies as being of good quality and 5 as fair quality in terms of internal validity (Appendix VI-h).

Body of Evidence: Taking into consideration individual study quality, consistency, directness/
applicability, and the risk of publication bias, we judged the body of evidence for each outcome of
interest as moderate.

Summary: Effectiveness of HBOT for multiple sclerosis

Moderate-quality evidence from 9 trials suggests little effect of HBOT on outcomes related to MS. Two
small, good-quality trials found modest benefits, while 7 fair-quality trials found no benefit.
Furthermore, the statistical benefits observed in the 2 positive trials are unlikely to translate into
clinically significant benefits for the patient (Appendix VI-h). Of note, there were no RCTs found on this
topic post 1990, and there appears to be little interest in further investigation into the use of HBOT for
MS.

HBOT for Migraines and Cluster Headaches

One systematic review (119 participants), including 7 RCTs, reported on the effectiveness of HBOT for
the treatment and prevention of cluster headaches or migraines (Bennett et al., 2008). Five of the 7
trials evaluated HBOT for migraines (Fife et al., 1992; Hill, 1992; Myers and Myers, 1995; Wilson et al.,
1998; Eftedal et al., 2004), and 2 looked at cluster headaches (Di Sabato et al., 1993; Nilsson Remahl et
al., 2002). The outcomes evaluated included relief from migraine/headache, requirement for rescue
medication, pain intensity, number of headache days per week, sustained relief, and headache index.
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Findings by Outcome

Migraine relief: Bennett and colleagues pooled 3 fair-quality trials (43 participants) and found a
significant positive effect on relief from acute migraines following 40 to 45 minutes of HBOT (RR, 5.97;
95% Cl, 1.46-24.38; NNT, 2; 95% Cl, 1-2) (Fife et al., 1992; Hill, 1992; Myers, 1995) The authors
calculated that > 70% of sufferers will obtain relief with the NNT of 2 (95% Cl, 1-2) compared with a
sham treatment.

Migraine patients requiring rescue medication or experiencing a reduction in nausea and vomiting:
Bennett et al. (2008) reported 1 fair-quality trial (40 participants) that found no significant difference in
the percentage of patients requiring rescue medication in the first week after receiving HBOT versus a
sham treatment (RR, 0.84; 95% Cl, 0.64-1.11) (Eftedal et al., 2004) nor in the percentage of patients
experiencing nausea with or without vomiting in the first week after receiving HBOT versus a sham
treatment (RR, 1.27; 95% Cl, 0.68-2.38) (Eftedal et al., 2004).

Pain intensity and frequency of headaches among migraine patients: One fair-quality trial reported no
difference between groups in mean pain intensity score immediately posttreatment among 8 patients
enrolled in a crossover trial (MD, 2.8; 95% Cl, —4.69 to 10.29) (Wilson et al., 1998). Another fair-quality
trial reported no differences between groups in the mean number of headache days per week during 1-,
4-, or 8-weeks posttreatment (MD during week 1, -0.13; 95% Cl, -1.41 to 1.15; MD during week 4, —
0.25; 95% Cl, —1.52 to 1.02; MD during week 8, —0.75; 95% Cl, —2.06 to 0.56) (Eftedal et al., 2004).

Cluster headache relief: One small, poor-quality trial (13 participants) found that more patients
experienced relief from cluster headaches within 20 minutes of receiving HBOT (6 of 7 patients) than
those that did not receive HBOT (0 of 6 patients) but the result was not significant (RR, 11.38; 95% ClI,
0.77-167.85) (Di Sabato et al., 1993). The study found that 86% of the HBOT group obtained relief and
sustained it for 48 hours versus none in the sham group, but the study did not have the power to find
the effect significant.

Headache index: Nilsson Remahl et al. (2002) conducted a small crossover trial of fair quality involving
16 patients to investigate the effectiveness of HBOT for treating cluster headaches. The headache index
was determined over the period of 1 week and success was defined as a 50% reduction in the headache
index during the week following treatment. HBOT offered no benefit in reducing the headache index
over the control (RR, 0.98; 95% Cl, 0.40-2.41) (Nilsson Ramahl et al., 2002).

Quality Assessment

Systematic Reviews: Applying AMSTAR criteria for rating the quality of systematic reviews, we assessed
the included systematic review as good quality

Individual Studies: The review by Bennett et al. (2008) employed the Cochrane Collaborations well-
recognized risk of bias assessment criteria for RCTs, and by our assessment made effective use of the
tool. Applying the Hayes quality checklist system for rating the quality of individual studies, we judged 6
studies to be of fair quality and 1 to be of poor quality in terms of internal validity.

Body of Evidence: The overall quality of the body of evidence was judged as low for the effectiveness of
HBOT to relieve migraines. Three fair quality trials were suitable for pooling of data and although the
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magnitude of benefit was large (NNT=2), the sample size was small (N=43) resulting in a low quality
overall strength of evidence grade. The overall quality of the body of evidence for the use of HBOT for
treating or preventing cluster headache is very low. There is insufficient evidence from the available
trials to determine the effectiveness of HBOT. The trials were small and underpowered and had a
significant risk of bias.

Summary: Effectiveness of HBOT for migraines and cluster headaches

Low-quality evidence from 3 fair-quality RCTs suggests that 40 to 45 minutes of HBOT is effective in
significantly relieving headache pain associated with an acute migraine attack. The NNT is 2 patients to
obtain significant relief for 1 additional patient. There is no evidence that HBOT can prevent migraines,
reduce the nausea and vomiting associated with migraines, or to reduce the need for rescue medication
(Appendix VI-i). There is insufficient evidence from 2 studies to determine the effectiveness of HBOT for
preventing, relieving, or terminating cluster headaches (Appendix VI-j).

HBOT for Sensorineural Hearing Loss

One good-quality systematic review from the Cochrane Collaboration originally published in 2007 and
updated in 2009 (Bennett et al., 2007), included 7 RCTs (396 participants) (Pilgramm et al., 1985;
Hoffman et al., 1995a; Hoffman et al.,1995b; Cavallazzi et al., 1996; Schwab et al., 1998; Fattori et al.,
2001; Topuz et al., 2004) plus 1 fair-quality RCT (57 participants) published since the release of the
systematic review (Cekin et al., 2009) and reported on the effectiveness of HBOT as a treatment for
sensorineural hearing loss. The studies can be divided into those that evaluated HBOT in the acute phase
and those that evaluated HBOT in the chronic phase following the onset of hearing loss. The primary
outcome across studies was improvement or return of hearing. A number of subgroup analyses were
conducted among the included studies, the details of which are discussed under KQ3.

Findings by Phase

Acute phase: All 7 RCTs included in the 2007 Cochrane Review looked at pure tone audiometric (PTA)
change in hearing following HBOT during the acute phase of sensorineural hearing los